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B A S E L I N E R I S K A S S E S S M E N T :
N O A C T I O N A L T E R N A T I V E

S H E R I D A N D I S P O S A L S E R V I C E S S I T E
W A L L E R C O U N T Y , T E X A S

1 * I N T R O D U C T I O N
I n accordance with T h e S u p e r f u n d P u b l i c H e a l t h E v a l u a t i o n M a n u a l(October 1 9 8 6 ) (herein a f t e r r e f e rr ed to as the EPA G u i d a n c e ) ,t h i s Risk A s s e s s m e n t is an a n a l y s i s of s i t e c o n d i t i o n s and isp e r f o r m e d f o r t h e p u r p o s e o f p r o v i d i n g guidance f o r :

1. Ass e s smen t of risk to p u b l i c h e a l t h under current s i t ec ond i t i on s;
2. Assessment of hypo the t i ca l f u t u r e exposure pathwaysas suming most p r o b a b l e p r o j e c t e d f u t u r e landu s e f o rthe area and abandonment of the s i t e ; and
3. A s s e s s m e n t o f h y p o t h e t i c a l f u t u r e exposure p a t h w a y sassuming a worst case improbable deve lopment scenarioand abandonment of the s i te.

S e c t i o n s 2 through 6 present summaries of all the a v a i l a b l e in-f o r m a t i o n on site h i s tory, source material d e s c r i p t i o n s , chemi-cal a n a l y s i s of source m a t e r i a l s and chemical and t o x i c o l o g i c a lp r o p e r t i e s o f d e t e c t ed c on s t i t u en t s . S e c t i o n 7 pr e s en t s theprocedure s used for and r e s u l t s of a f o r m a l s e l e c t i on proce s sfor i n d i c a t o r chemica l s which w i l l be used to de t ermine the ex-tent of contamination f rom and in the source areas. S e c t i o n 8pre s en t s background data on e x i s t i n g landus e and environmentalcondi t i on s at the site. Sec t i on 9 contains an assessment ofexpo sure pa thways under current and h y p o t h e t i c a l f u t u r e l a n d u s econdi t i ons for the "no action" a l t e rna t iv e . S e c t i o n 10 evalu-ates the risks for current s i t e c ondi t i on s a s soc ia t ed w i th cal-cu la t ed expo sure l e v e l s for the "no action" a l t e r n a t i v e . S e c -tion 11 does l ikewi s e for the most probable h y p o t h e t i c a l f u t u r el a n d u s e at the s i t e , assuming s i te abandonment. A worst-casef u t u r e improbable development case i s presented in A p p e n d i x F.
The purpose of the exposure pathway assessment ( S e c t i o n 9) is toi d e n t i f y c o m p l e t e pa thways ( i . e . , those with actual human recep-torr.) and thi, mechanisms and routes of exposure p o s s i b l e *t thes i t e - Thp a s s e s sment s in S e c t i o n s 10 and 11 a t t e m p t to qu*nt i rythe l e v e l s of exposure based on concentrations in the source ma-terial (s) and worst-case receptor locations that might result in
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measurab l e expo sure t o p o t e n t i a l human rec ep tor s . T h i s proce s sinvolves the i d e n t i f i c a t i o n of receptor areas and receptors foreach pathway. The exposure pathway assessment then examines:
T h e p o t e n t i a l f o r migra t i on o f c o n s t i t u e n t ssource areas to each receptor area; f r o m

2. T h e p o t e n t i a l worst-case p r e d i c t e d concen tra t i on swhich might r e a l i s t i c a l l y be at tained at the r e c ep t orarea under d i f f e r e n t landuse conditions.
T h i s Risk Asse s sment (RA) has been p e r f o r m e d in a s s o c ia t i on w i tht h e on-going Source Control F e a s i b i l i t y S t u d y ( F S ) a n d GroundW a t e r Remedial I n v e s t i g a t i o n (RI) in order to d e f i n e the remed-ia t i on necessary to pro t e c t human h e a l t h and the environment inthe r e c ep tor areas at risk. The p u r p o s e of the F e a s i b i l i t yS t u d y is then to i d e n t i f y a l t ernat ive remedial measures andse l ec t those which w i l l be consi s tent with C E R C L A and the NCP,and which w i l l most c o s t - e f f e c t i v e l y reduce any u n a c c e p t a b l el ev e l s of risk which might occur under probab l e f u t u r e l a n d u s econdit ions.
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2 - S I T E H I S T O R Y

2 . 1 G e o g r a p h i c a l L o c a t i o n
T h e S h e r i d a n Disposal Services ( S D S ) S i t e i s located i n W a l l e rC o u n t y , T e x a s , a p p r o x i m a t e l y nine miles north-northwest of theC i t y o f H e m p s t e a d , T e x a s and two mi l e s northwest o f the inter-sec t ion of C l a r k Bottom Road and F a r m Road 1736 ( F i g . 2 - 1 ) . Thep r o p e r t y is bounded on the east, south and west s ides by f a r mand ranch l a n d s , and on the north by the Brazos River. The sitel i e s within the G u l f Coastal P l a i n Phys i ograph i c Province and ist r a n s i t i o n a l l y p o s i t i o n e d between the Post Oak Savannah andB l a c k l a n d Pra ir i e N a t u r a l Regions o f T e x a s .
2 . 2 F a c i l i t y D e s c r i p t i o n
The f a c i l i t y currently occupies a p p r o x i m a t e l y 110 acres, andi n c l u d e s a 42 acre i r r i g a t i o n / e v a p o r a t i o n system, a 12 acre mainpond and a 17 acre d ike around the main pond ( F i g . 2 - 2 ) . Thear^a of the main pond and dike is based on a "fc t*»r s u r f a c e ele-vat ion in tr.be main pond of 170.5 f e e t (mear f t e a i ev«» i} ; the«tsareas w i l l vary with changes in the main pond water l eve l . Anincinerator and a group of nine treatment and storage tanks arel o c a t e d on the east s ide of the main pond on the d ike . Remain-ing acreage cons i s t s o f borrow d i t c h e s excavated for the d ik e sand other " b u f f e r zone" acres ins ide the per ime t er f e n c e .
The main pond is located in a n a t u r a l l y occurring l o w - l y i n g areathat was g r a d u a l l y e x p a n d e d to a maximum size of about 22 acresu t i l i z i n g a sys tem of d ik e s . The main pond was used as a sur-f a c e impoundment f o r material d i s p o s a l a n d f o r open p i t burning.The dike was bu i l t of native s o i l s f r o m around the pond and f r o mcombust ion re s idual s from waste burning and appears to have beenc o m p l e t e d p a r t i a l l y on top of s ludge s ex i s t ing at the time ofc o n s t r u c t i o n . Over t ime , the d ike height was increased us ingb a r r e l s , ash f r o m the incinerator, and a d d i t i o n a l native s o i l s .T h i s mix ture was a l s o used to f i l l in part of the main pond asan a t t e m p t at closure. T h i s p a r t i a l closure ac t iv i ty reducedthe size of the main pond to a p p r o x i m a t e l y 12 acres.
W a t e r that a c cumula t ed in the main pond due to p r e c i p i t a t i o n wasp u m p e d into the i r r i g a t i o n / e v a p o r a t i o n system and a l l o w e d toevapora t e . The tanks were used for the s eparat ion and treatmentof o i l / w a t e r emulsions and stcraga of solvents and tuel oi l s .
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2 . 3 C h r o n o l o g i c a l H i s t o r y o f S i t e M a n a g e m e n t . U s e a n dM o d i f i c a t i o n s
The S h e r i d a n D i s p o s a l S e r v i c e s S i t e , owned and o p e r a t e d by Mr.Duane S h e r i d a n of H e m p s t e a d , T e x a s , began accept ing indus tr ialwastes f o r d i s p o s a l i n t h e l a t e 1 9 5 0 ' s . T h e s e wastes were d i s -posed by open pit burning and s u r f a c e impoundment of ash residuein a n a t u r a l l y l o w - l y i n g area o f Mr. S h e r i d a n ' s p r o p e r t y . Asthe volume of mater ia l accep t ed at the site increased, a d ikecomposed of native s o i l s and combustion re s idual s f r o m wasteburning was cons truc t ed ( some t ime in l a t e 1 9 6 3 ) around the nat-ural d e p r e s s i o n to f o r m the main p o n d . T h i s d ike may have beenc o m p l e t e d such that some s ludge s were covered by the base of thed i k e s . N a t i v e s o i l s a p p e a r to have come f r o m the borrow areasshown in F i g u r e 2-2. T h e s e site management pra c t i c e s andf a c i l i t i e s were used through 1971.
A group of storage and treatment tanks were constructed begin-ning in S e p t e m b e r 1971 in re sponse to an order f r o m the T e x a sW a t e r Q u a l i t y Board ( T W Q B ) , prede c e s s or t o t h e T e x a s W a t e rCommis s ion (TWC) . The s e tanks were used for st»?« +-r*»?.+:i«g cil-wat-.er e»u"*sion«5. s epara t ed o i l s were used as fn«O f o>- ? <tyt=r^mof ground f l a r e s that was i n s t a l l e d in 1972.
A s m a l l e r pond ( a p p r o x i m a t e l y 400,000 g a l l o n s ) was cons truc t edin the northeast corner of the main pond dike ( F i g u r e 2 - 2 ) . Itwas used to receive incoming m a t e r i a l s . F r o m there the wasteg e n e r a l l y would be p u m p e d into the steam treatment sys t em foremuls ion treatment. Any recovered o i l s were either sold or usedf or ground f l a r e s or b o i l e r f e e d to generate steam. L e f t o v e rre s idue s were d i s p o s e d of in the main p o n d . Liqu id wastes f r o mthe s m a l l e r pond would be discharged d i r e c t l y into the main pondwhen the steam emul s i on sys t em was not working or o v e r l o a d e d .
In November of 1972 a f i r e destroyed the oil burner (incinera-t o r ) sy s t em and the s u r f a c e of the main pond was i g n i t e d , burn-ing o f f the s u r f a c e l a y e r o f oi l . At thi s t ime, the volume o fwas t e s d i s p o s e d of in the main pond caused a f r e e b o a r d p r o b l e m .T w i c e d u r i n g 1973 severe r a i n f a l l brought t h e he ight o f l i q u i d sin the pond to within six inches of the top of the dike. Thehe igh t of the d ike was increased in 1975 to m i t i g a t e t h i soccurrence.
During 1974 and 1975 , several tr ial burns of new incineratorswore p e r f o r m e d by sr.sriaan D i s p o s a l S e r v i c e s . Permit a p p r o v a lwas granted to SOS oy the T e x a s Air control board (TACB) for al i q u i d waste burner ( i n c i n e r a t o r ) that was de s igned and b u i l t byMr. S h e r i d a n . The incinerator was in use until June 1978 when af i r e d e s t r o y e d p o r t i o n s o f t h e system.
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In order to take care of the cont inuing prob l em of accumulatedpond wa s t ewa t er , a new f a c i l i t y — the i r r i g a t i o n / e v a p o r a t i o nsystem — was bu i l t in 1976 a d j a c e n t to the main p o n d . T h i s 42acre i m p o u n d m e n t received wastewater f r o m the main pond into aseries of smal l c e l l s where it was a l lowed to evaporate .
SDS began c l o s i n g the main pond with dike and other m a t e r i a l s inOctober 1978. An ini t ial closure p l a n was agreed to by SDS andt h e TWQB in 1979. T h i s p l a n c a l l e d f o r i n i t i a l closure o f t h emain p o n d , pumping of accumulated stormwater from the pond intothe e v a p o r a t i o n sy s t em, and maintenance of the pond d ike . Pondwater was t rans f erred to the evaporation system and approx imat e-ly seven acres of the main pond c o r r e s p o n d i n g to the rece ivingbasin was covered with f i l l m a t e r i a l .
A f i n a l c l o sure p l a n was s ubmi t t ed to the T e x a s Depar tment o fW a t e r Resources (now t h e T e x a s W a t e r Commission ( T W C ) ) , b yS h e r i d a n D i s p o s a l S e r v i c e s . It was r e j e c t e d in J a n u a r y 1984, atwhich time the TDWR determined that SDS did not have the exper-t i s e or resources to p r o p e r l y close the site. At that time theTWC c-2ntc.ctcd certain companies whose waste may have been dis-p o s s H of at the SDS S i t e , to request as s i s tance in the s i t ec lo sure . The S h e r i d a n S i t e Commi t t e e was f ormed in re sponse tothat request and has since worked wi th the T e x a s W a t e r Commis-sion and the Environmenta l P r o t e c t i o n A g e n c y to c o l l e c t andana lyz e i n f o r m a t i o n necessary to evaluate a p p r o p r i a t e closurea l t e r n a t i v e s .
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3 - S O U R C E M A T E R I A L D E S C R I P T I O N

F r o m a v a i l a b l e records it i s e s t imat ed that the t o t a l amount ofm a t e r i a l received by the S h e r i d a n D i s p o s a l Serv i c e s S i t e exceed-ed 85 m i l l i o n g a l l o n s . M a n i f e s t d e s c r ip t i on s of some of thewaste m a t e r i a l s received for d i s p o s a l at the s i te are l i s t e d inT a b l e 3-1.
The m a j o r sources of organic and inorganic chemical c o n s t i t u e n t sare the main p o n d , pond s l u d g e s , a f f e c t e d pond s u b s o i l s , andd ik e m a t e r i a l s . T h e r e may be l i m i t e d a d d i t i o n a l q u a n t i t i e s o fa f f e c t e d s l udge s and so i l s in the evaporation system. T h e s esource areas are d i s cu s s ed below.
3-1 Pond W a t e r
The current s i z e of the main pond is about 12 acres. The d e p t hof the a c cumula t ed water varies , but averages about 1-1/2 f e e t .
The main pond is s t r a t i f i e d into a p a r t i a l s u r f a c e oil l ayer , anaqueous phase and a heavy s l u d g e layer . Ths s u r f a c e oil layer( l e s s than two inches in t h i c K n e s s ) current ly covers la s s than2 0% of the pond s u r f a c e area d e p e n d i n g upon wind c o n d i t i o n s ,T h i s layer w a s s a m p l e d J u l y 2 1 , 1987, a n d ana lyz ed f o r H S L( H a z a r d o u s Subs tance L i s t ) organics. Detected organics aresummarized in T a b l e 3-2.
At the present time, the m a j o r i t y of the oil layer has beenremoved f r o m the main pond and the main pond water is beingevapora t ed in the evaporat ion system in accordance w i t h anA d m i n i s t r a t i v e Order issued by the E P A .
Pond water was s a m p l e d d u r i n g 1987 under three c o n d i t i o n s : 1) agrab s a m p l e o f s t a t i c water c o n d i t i o n s ( n o p u m p i n g ) f r o m t h em i d d l e o f the pond ( f o u r s a m p l e s taken f r o m j u s t below thes u r f a c e a n d c o m p o s i t e d ; S D S - E - 1 ) ; 2 ) a large bu lk water s a m p l ep u m p e d f r o m s h a l l o w water about three f e e t f r o m t h e w a t e r ' s edgein the center of the south end of the main pond ( S D S - B I O - 1 0 0 0 ) ;and 3) a second s t a t i c water s a m p l e taken a f t e r p u m p i n g f r o m thein take area o f t h e main pond ( S D S - G E N - 2 3 ) . C o n s t i t u e n t s d e t e c t -ed in HSL ana ly s e s of the two s t a t i c water s a m p l e s are pre s entedin T a b l e 3-3. R e s u l t s for the large bu lk water s a m p l e are d i s-cussed in S e c t i o n 9 in r e l a t i o n to the air emissions pa thway.R e s u l t s o f analys e s for general pond water q u a l i t y and charac-t e r i s t i c s are pr e sT^d in T ^ b l e 3-4. L o c a t i o n s of the threewater s a m p l e s are shown in F i g u r e 3-1.

r-<3-
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T A B L E 3-1
D e s c r i p t i o n s o f M a t e r i a l s L i s t e d o n M a n i f e s t sf o r D i s p o s a l a t t h e S D S S i t e

A l c o h o l , o r g a n i c p h o s p h o r u s c o m p o u n d s ,c o b a l t
A l k y l Benzenes
A m m o n i a Bromate, W a t e r
Barge, RR T a n k Car W a s h i n g s ,& M i s c . C h e m i c a l s
Benzene , E t h e r s , M e t h y l c h l o r l d e
B u t y l A c r y l a t e s
C a l c i u m A r s e n a t e
C a u s t i c and L a t e x Polymer
C o p p e r C h l o r i d e T o w d e r C a t a l y s t
D i e t h y l e n e G l y c o l , R e s i n , w / T o l u e n e
D r i l l i n g M u d s
Drum W a s h i n g Res idue
F a t t y A c i d E s t e r s
F a t t y A l c o h o l s
F i l t e r Cake Res idue
F u r f u r a l , Butadiene C o p o l y m e r
G l y c o l S t i l l Bot toms
H e r b i c i d e s
H y d r a u l i c o i l s
I n s e c t i c ide s
B, S & W o i l s

K e r o s e n e & Grease
K i t c h e n Grease & W a t e r
M e t h a c r y l a t e
M o l a s s e s & W a t e r
O i l y W a s t e w a t e r
Organic S l u d g e , S k i m m i n g ,K e r o s e n e and M i n e r a lS p i r i t s
Phenol F o r m a l d e h y d e
P i c k l i n g A c i d
P c 3 y e t h y J one;, D i a t o a m a c c o ' j rEarth
Process W a s t e w a t e r
S o a p
S o d i u m
S o d i u m H y d r o x i d e
S o u r Crude Oil
S p e n t C h l o r i n a t e d S o l v e n t s
S p e n t N e w s p a p e r I n k s a n dS o l v e n t s
S t y r e n e & E t h y l b e n z e n e B o t t o m s
S t y r e n e Monomer w / D i e s e l
V e g e t a b l e O i l s
W a s t e C h e m i c a l s
Water & Oil

00
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B876
T A B L E 3 - 2

S u m m a r y o f C o m p o u n d s D e t e c t e d i n a C o m p o s i t e S a m p l e o fF l o a t i n g O i l / E m u l s i o n L a y e r C o l l e c t e d f r o m t h e M a i n Pond 0 7 / 2 1 / 8 7

P a r a m e t e r Lab NO. 64114-001F i e l d I D : S D S - C E N - 2 0

V O L A T I L E O R G A N I C S
E t h y l b e n z e n eTo I uer.eT o t a l X y l e n e s
S E M I V O L A T I L E S
b i s ( 2 - E t h y l h e x y l ) p h t h a l a t eB u t y l b e n z y l p h t h a l a t e
P E S T I C I D E S A N D P C & S
A r o c l o r 1242

( m g / k g )

1.3
0.75

3.3

180
110

32

N o t e s ' D e t e c t i o n l i m i t r a n g e s were a s f o l l o w s f o r t h e o r g a n i c s
V O L A T I L E S : 0 .75-3 .8 m g / k g
S E M I V O L A T I L E S : 99-480 m g / k g
P E S T I C I D E S A N D P C B s : 1 . 6 - 3 2 m g / k g

CM
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B877

T A B L E 3 - 3
S u m m a r y o f H S L C o m p o u n d s D e t e c t e d i n 1987 s a m p l e s o fS t a t i c Pond W a t e r S a m p l e s C o l l e c t e d B e f o r e a n d A f t e r P u m p i n g

P a r a m e t e r

H S L - L I S T O R G A N I C ST o l u e n eT o t a l X y l e n e s

P r e - P u m p i n g s t a t i cC r a b S a m p l e - W a t e rS a m p l e d 0 6 / 1 8 / 8 7
E R M I D : S D S - E - 0 1

L a b . N O . 63907-001
( m g / l )

N D ( < 0 . 0 0 5 )
0.0082

P o s t - P u m p i n g s t a t t c( 1 ) C r a b S a m p l e - W a t e r ( 2 )S a m p l e d 0 8 / 2 1 / 8 7
E R M I D : S O S - C E N - 2 3
L a b . N o . 64368-001

( m g / l )
0.078
0.097

0.220
0.041
0. 180

75
0.020
0.006
0.480

29
0.410

N D ( < 0 . 0 0 0 2 )
81

0.041
330

0.010
0.040

N O T E S :
H S L - l i s t s e m l v o l a t i l e , p e s t i c i d e a n d P C B s f r a c t i o n s h a dn o d e t e c t i o n s i n e i t h e r s a m p l e .
N D O = N o t D e t e c t e d ( d e t e c t i o n l i m i t )
( i ) Orao b a m p i e c o l i e c t c u f r o m c e n t e r o f m a i n pond o n J u l y 1 8 1987.

Oin
CM

H S L - L I S T M E T A L SA l u m i n u mA r s e n i cB a r i u mC a l c i u mC h r o m i u mC o p p e r1 ronM a g n e s i u mM a n g a n e s eM e r c u r yP o t a s s i u mS e l e n i u mS o d i u mv a n a d i u mZ i n c

0.
0.
0

59
0.

N D ( < 0 .
0.

20
0
0

72
N ' D ( < 0

272
N D ( < 0
N D ( < 0

150
032
160

.010

. 0 1 0 )
360

.290

.001

. 0 0 4 )

. 0 1 )

. 0 2 )

( 2 ) C o l l e c t e d o n A u g u s t 2 1 , 1987 f r o m m a i n pond a t t h e sump a f t e rp u m p i n g w a t e r f r o m pond t o e v a p o r a t i o n s y s t e m .
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T a b l e 3-4
Summary o f I n o r g a n i c C h a r a c t e r i s t i c s f o rPond W a t e r and Pond S l u d g e S a m p l e s

Parameter N a m e
T o t a l S u s p e n d e d S o l i d s ( T S S )
T o t a l S o l i d s
V o l a t i l e S u s p e n d e d S o l i d s ( V S S )
Biochemical Oxygen Demand ( B O D )
T o t a l organic Carbon ( T O C )
Oix & Grease
Ammonia as N
T o t a l K j e l d a h l N i t r o g e n a s N
C h l o r i d e
T o t a l Pho sphoru s as P
S u l f a t e
T o t a l C y a n i d e
P o t a s s i u m

N O T E S :

C o l l e c t e d0 6 / 1 6 / 8 7Main PondW a t e r <*>Lab No. 63942-001
S D S - B I O - 1 0 0 0

70 m g / 1
N A

60 m g / 1
11 m g / 1

440 m g / 1

0.8 m g / 1
7.2 mg/1
359 m g / 1

8 m g / 1
29 m g / 1

N T
82 m g / 1

C o l l e c t e d0 6 / 1 8 / 8 7Main PondS l u d g e < 2 >
Lab No. 63942-002

S D S - I N C I N
NA

48.4%
79.7%

NA
46 .27%

6260 m y / k g
59 m g / k q

280 m g / k g
944 m g / k g
5 3 0 m g / k g
518 m g / k g

N D ( < l . o m g / k g )
N T

NT = Not T e s t e dN A = N o t a p p l i c a b l eN D ( ) — N o t Detected (Detec t ion L i m i t )< l j C o m p o s i t e o f two grab s a m p l e s f r o m two 5 5 - g a l l o n drums o f mainpond vacer co l l e c t ed by pumping trcm shal low water a p p r o x i m a t e l ythree f e e t , f r u i a w a t e r ' s e u t / t i a l ony t h « t>uuth s ida o f t h e pond .Compos i t e grab sample col lec ted from a 55-ga l l on drum containingequal p o r t i o n s of 15 s l u d g e s a m p l e l o ca t i on s as shown in F i g u r e
3-1.

( 2 )
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3-5
E756



/ A . . , - S P l 5 6 » _ o «

A P P R O X I M A T E S U M P
L O G A I I O N

N O T E S
I I S L U D G E S A M P I E S ( S D S - f N C I N i

C O L L E C T E D JUNE 17 18 1987
i ' t W A I f - W S A M P I E S C . U l K . H l ' H i tC A Y S

S O S - B I O 100O J t , N E 1 5 I 9 3 f
3 D S E-0? J U N t 1 8 1 9 8 ' '( O R S O S E V A P 1 !
S Q S G f N 2 3 A d G U S I . ' I 1 ' J S

ERM-5oathw«st. inc.
FIGUflE 3 1

L O C A T I O N S O F W A T E R A N D S L U D G E
S A M P L E S A N D S L U U G E T H I C K N E S S E S T O R

S A M P L F S C O L L E C T E D J t l N t A N D A U G U S T WR.'
Sh«r«]an O i s p o s u l S o t v i c * s

* . 0 N O 9H58034 [ U * I T J ' 4 ' 8 8

0 1 1 2 5 2



IIIIIIIIIIIIIIIIIII

5 . 2 F o n d S l u d g e
Based on d a t a d e v e l o p e d d u r i n g s a m p l i n g of the s l u d g e s in ther:ain p o n d J u n e 17-18, 1987, the viscous pond s l u d g e varies inth i ckne s s f r o m about six inches to about 24 inches with an aver-a g e th i ckne s s o f 12.4 inches ( T a b l e 3-5; F i g u r e 3 - 1 ) . S i n c et h i s d i f f e r s somewhat f r o m an earl i er ( 1 9 8 4 ) survey, an averagecf 18 inches for pond s l u d g e d e p t h w i l l be used.
A c c o r d i n g t o t h e Source Control R I ( S C R I , Page 3-5, J u l y 1 9 8 7 ) ,pond s l u d g e th i ckne s s e s range f r o m one f o o t to j u s t over threef e e t . An average d e p t h of two f e e t was assumed for SCRI calcu-l a t i o n s ( P a g e s 3-5, 1987 R I ; . T h e s e numbers are based on a sur-vey conduc t ed S e p t e m b e r 18-19, 1984 by R o l l i n s under contract toT e x a s D e p a r t m e n t o f W a t e r Resources ( T D W R ) . T h e e s t ima t e s o ft o t a l s l u d g e vo lume r e p o r t e d i n t h e 1987 S C R I ( P a g e 3 - 4 ) i n c l u d -ad s l u d g e which was in the pond levee or has been covered byc lo sure a c t i v i t i e s . A copy o f the s a m p l i n g l o c a t i o n s , p r o b i n gd e p t h and cross sections of the pond developed by R o l l i n s ands u b m i t t e d in a l e t t e r report to TDWR, dated November 7, 1984 isp r o v i d e d i n A p p e n d i x A .
The pond s l u d g e s are a p p r o x i m a t e l y 44% water by w e i g h t , 38% oilb y w e i g h t , a n d 1 8 % s o l i d s b y weight ( T a b l e 3 - 6 ) . Dete c t ed H S Lc o n s t i t u e n t s f or a c ompo s i t e s l u d g e s a m p l e taken J u l y 1987 areprov ided in T a b l e 3-7. Pond s ludge composi t ion was reported inthe SCRI ( P a g e 3 - 4 ) to be 50% water and v o l a t i l e organics byw e i g h t , 30% n o n - v o l a t i l e organics by weight and 20% inorgani c sby we ight based on s a m p l e s c o l l e c t e d in 1984. T h e s e are s i m i l a rto the value s reported herein f r o m 1987 s a m p l e s for water, o i land s o l i d s content , r e s p e c t i v e l y .
3 « 3 Pond S u b s o i l s
No s a m p l e s o f pond s u b s o i l s were c o l l e c t e d dur ing th e SCRI in-v e s t i g a t i o n s f o r f e a r o f carrydown o f a f f e c t e d material contain-ed in the pond s l u d g e . The c on s t i t u en t s of concern in a f f e c t e ds o i l s are e x p e c t e d to be the same as those d e t e c t e d in the ponds l u d g e . I t i s a n t i c i p a t e d that concentra t ions w i l l decreasewith d e p t h .
3.4 Pond Dike M a t e r i a l
The l evee or d ike around the pond has a s u r f a c e area of a p p r o x i -m a t e l y 17 acres. M a t e r i a l s in the d ik e were s a m p l e d at ninel o c a t i o n s J u l y 6-10, 1987 in borings c o m p l e L e u to a t u ta l d e p t hof 20 to 25 f e a t below the dike grade at each location ( F i g u r e3 - 2 ) . The p r e l i m i n a r y r e su l t s o f the chemical analyse s are pre-sented in T a b l e 3-8 ( f o r i n d i c a t o r i n o r g a n i c s ) and T a b l e 3-9( f o r H S L o r g a n i c s ) .
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9378 T A B L E 3 - 5
E s t i m a t e d S l u d g e D e p t h s S a m p l e d 0 6 / 1 7 - 1 8 / 8 7

L o c a t i o n

S O S - S P 1

S D S - S P 2

S 0 S - S P 3

S D S - S P 4

S O S - S P 5

S D S - S P 6

S D S - S P 7
S D S - S P 8

S O S - b K V

S D S - S P 1 0
S O S - S P 1 1

S O S - S P 1 2

S D S - S P 1 3

S O S - S P U

S O S - S P 1 5
A v e r a g e

U*terD e p t h
( f e e t )

3.5

4

N R

6

N R

5

5
5

j

6
2.5-3

4

5.5

N R

6
4.8'

T h i c k n e s so f S l u d g e
( i n c h e s )

3-12

12

4

24

U R

0-12

23
20-28avg * 27
18-24

avg - 20
6

3-5

14

14.5

kR

6-8
12.4"

D e s c r i p t i o n o f
S l u d g e

Not s t i c k y ; sandy lumpy. Pondbottom gr. sand.
Grey -green goop, less cohesiveupwards in s a m p l e
Low v i s c o s i t y , son* clunp* soupy

Very t h i c k , t a f f y - 1 ik e or a lmos t
l i k e ho t tar. V e r y cohesive.
Less s t i c k y than S P 4 .

B l a c k , low v i s c o s i t y ; siver mushat bottom. A n o t h e r bl . layerunderneath -3H.
S o f t m u d t e x t u r e , cons i s t ent v i s e
V i s e , increase down, some br.^i.udg* «n hr t t tnw.
B l a c k , v i s e , increase w i t h d e p t h .

B l a c k , tacky medium v i s c o s i t y
A s p h a l t - l i k e , b l a c k , s t i c k y ,chunky, not cohesive
B l a c k w/ gr. t i n t , very viscous,t a r - l i k e , v i s e , increases l i g h t y u / d e p t h
Chunky, incons i s t ent

B l a c k , t a r - l i k e s l u d g e , v i e s ,increase w/ d e p t h
N R

Nunber ofS a m p l e s T a k e n

2 s a m p l e s f o r a n a l y s t s4 g a l l o n s f o r c ompo s i t e
2 samples for analys i s4 g a l l o n s f o r c o m p o s i t e
2 sample s f or a n a l y s i s4 g a l l o n s f o r c ompo s i t e
2 s a m p l e s f o r a n a l y s i s4 g a l l o n s f o r c o m p o s i t e
2 s a m p l e s f o r a n a l y s i s4 g a l l o n s f or compos i t e

N R

N R
2 s a m p l e s f o r a n a l y s i s4 g a l l o n s f o r c o m p o s i t e
2 sanp l e s f c r a n a l y s i s4 g a l l o n s f o r c ompo s i t e

N R
2 sample s f o r a n a l y s i s4 g a l l o n s f o r c ompo s i t e
2 s a n p l e s f o r a n a l y s i s3 g a l l o n s f o r compos i t e

1 s a m p l e f o r a n a l y s i s3-4 g a l l o n s f o r c o m p o s i t e
2 s l u d g e ,4 g a l l o n s water

N R

N O T E S :N R = N o t Recorded- water s u r f a c e e l e v a t i o n a t t i m e o f s a m p l e - 173 f t MSL- S a n p l e s were taken us ing a 1 - 1 / 2 " d i a m e t e r viscous s l u d g e s a m p l e r ( P V C p i p e w i t h p i s t o n ,no check valve on b o t t o m ) .- Current volume e s t i m a t e is 30,000 cu. yds. and assumes «n average d e p t h of 18". Thise s t i m a t e does n o t i n c l u d e a n y n e p h l o i d a l ( i . e . , h i g h l y f l u i d ) s l u d g e layer .

ir\cvj

o

3-8



BBfi t

LJ

T a b l * 3 - 6
S i M M ' f » ' f M u l M o f * n a < r * f a f o r C F i a r t e C e r i c t « : •o f Pond S l u d g e S o a p f e a C o l l e c t e d 6 / U / 8 7 t o 6 / 1 8 / 8 7

P a r a m e t e r

O i l
U u l c r

S o l i d s

f*
f l u u r i d c

C h l o r i d e
B r o m i d e
I . - t . l Ptiovhorui
F l a s h P o i n t
X Ash
S u l f u r by I -Bay Fluor ea c e o c e
H e a t O f C«**-t,on
W f ' l a t i t e O i l
H o t - v o l a t i l e d e l
D e n s i t y t TT degrees F
V i i c a s i t y 3 25 degree* C

U n i t s

X
X
X

s.u.
«w/ka

"B/kO
•BAB
e t a / k g

d*gr«*t F
X
X

• r u / t b
X
X

•/art
c S t

S a N p l «L o c a t i o n1

54.2
36.5

29

6. CM
2 a
373

65
1 U U

H F

9.4*
1.4

7400
HO

54.2
t.04
1.52

I M p l eL o c a t i o n2

54. S
29.1
16. S

6.76
S . S

4516
143
200
157

10.51
i . or
5700

5.4
49.1
1.09
1.56

***>(«L o c a t i o n3

26.1
59.7
15.4

e 31
4.8
529

f t
540
114

2.75
0.66

HO
HD

26.1
O.W
1 , 5 5

S a M p I *l o c a t i o n
4

40.8
47.6
11-1

7
2

968
HD

160
111

4.03
1.21
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BB90 TABLE 3-7

o f Organi c a n d I n o r g a n i c H S L Parameters Dete c t ed i n
M a i n Pond S l u d g e S a m p l e C o l l e c t e d 6 / 1 8 / 8 7

C o m p o s i t e S a m p l e
M a i n Pond S l u d g e

Lab. No.63942-002
Parameter F i e l d I D : S O S - I N C I N

V O L A T I L E O R G A N I C S

Benzene
E t h y l benzene
S t y r e n e
T e t r a c h l o r o e t h y l e n e
T o l u e n e
T o t a l X y l e n e s

S E H I V O U T I L E O R G A M I C S ( H S L )

2 - H e t h y l n a p t h a l e n e
N a p t h a l e n e
N ' M i t r o s o d i p h e n y l a /n ine
2 / , - D i j r e t h y t p h e n o l
2 ' M e t n y l p h e n o l
4 - M e t h y l p h e n o l
Phenol

O R G A N O C H L O R I H E P E S T I C I D E S A N D PCB» ( H S L )

P e s t i c i d e s
A r o c l o r 1016
A r o e l o r 1260

T O T A L M E T A L S ( H S L )

A l i m i n t n
A n t i m o n y
A r s e n i c
Barium
Cadmium
t a l c inn
C h r o m i u m
C o b a l t
C o p p e r
I r o n
Lead
H e g n - s s H —
Manganese
Hercury
n i c k e l
S e l e n i u m
S o d f u n
Z i n c

( m g / k g )

iro
S80
340

51
700

1600

220
270
190
460
**G
950

1500

N D ( < 0 . 6 4 - < 1 3 )
55
13

2300
12
20

820
2.7

5200
160

3
130

4300
3*0
920

71
0.06

69
0.6

2200
25

970

LA
CM

O
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C O L L E C T S P J U L Y 6-10. 1987
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The pond dike system was constructed f r o m surrounding c lays andcombus t ion re s idue s f r o m the incinerator. It i s e s t imat ed thatup to 10% of the d ike mater ia l may consist of a waste streamcharacterized by a diatomaceous earth f i l t e r aid wetted with ap e t r o l e u m o i l ( 1 9 8 7 S C R I , p a g e s 1-13 a n d 1 - 3 3 ) . T h i s f i l t e rcake mater ia l contained u n s p e c i f i e d o r g a n o - m e t a l l i c ch emica l s aswell as in s o lub l e barium and zinc sal t s . A d d i t i o n a l l y , a numberof drums have been incorporated into the d ike s tructure in thenorth and west sect ions of the dike system. soil borings con^ducted on the dikes in J u l y 1987 indicate discrete s ludge orother waste layer s varying in thickness f r o m two to seven f e e t .T h e s e layers occur at d e p t h s consistent with pre-cons truc t iongrade e l eva t i on s of the natural d epr e s s i on u t i l i z e d by S h e r i d a nf o r d i s p o s a l since t h e l a t e 1 9 5 0 ' s .
SDS began i n i t i a l closure act ions in 1979. A p p r o x i m a t e l y f i v eacres of the pond in the northern section were covered with con-struct ion debris and dike mater ial . In a d d i t i o n , another twoacres of the s ou thea s t ern p o r t i o n of the pond were c a p p e d u s ingf i l l m a t e r i a l s and on-si te s o i l s . ( T h e s e seven acres are in-c luded in the estimated dike area of 17 acres.) Thes e actionshav*> r e s u l t e d in por t i on s of the pond being covered w i t h mater-i a l s such as cons truc t ion debris and so i l s that are d i f f e r e n t inc o m p o s i t i o n f r o m the remainder of the dike.
3 . 5 E v a p o r a t i o n Area S l u d g e s a n d _ S o i l s
The evaporat ion system consis t s of 42-acres of water retentionc e l l s . The evaporat ion system was r e sampl ed at f o u r l o c a t i o n sJ u n e 24-25, 1987 ( F i g u r e 3 - 3 ) prior t o a p p l i c a t i o n o f water f r o mthe main pond to maintain freeboard on the main pond. Data f romp r i o r i t y p o l l u t a n t organic analyse s o f these soil s a m p l e s arep r e s e n t e d in T a b l e 3-10. The m a j o r i t y o f organic c ompounds thatwere i d e n t i f i e d in the evaporation system are i so lated in twos l u d g e d e p o s i t s at or near the po in t of pond d i s charge into theevapora t i on system ( s a m p l e s 21 and 2 2 ) .
S a m p l e s c o l l e c t e d in actual evaporat ion system s o i l s at d e p t h oraway f r o m the o u t f a l l only showed the presence of b i s - ( 2 - e t h y l -h e x y l ) p h t h a l a t e in only one location. No other organic com-p o u n d s were de t e c t ed above s a m p l e d e t e c t i on l ev e l s ( T a b l e 3-10).
3 , 6 M i s c e l l a n e o u s Source M a t e r i a l s
T r e a t m e n t process units at the SDS s i t e are l o ca t ed on the topof the dik^ anc- in c lud e an incinerator, a b o i l e r and nine tanks ,^he tanks wete usau for separation and treatment of o i l /wa t eremuls ions and storage of so lvents and f u e l o i l s . The tanks varyin s ize f r o m 500 to 1000 barrels in capac i ty . The tanks pre-s en t ly contain s ludge s , as well as the sur face oil layer thatwas removed f r o m the pond during the summer of 1987.
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T A B U . 3-10

Compound
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I

4 * 1 J d e n t i t y and C o n c e n t r a t i o n of D e f r e c t e t j . C o m p o u n d s
A t o t a l of 51 organic compounds and 24 m e t a l s have been quant i-f i e d f r o m various sources a t th e S h e r i d a n S i t e , sources i n c l u d epond water, pond s l u d g e , evaporation system water ( m e t a l s o n l y )and e v a p o r a t i o n system and d ike s o i l s . T h e s e da ta are summar-ized in T a b l e s 4-1 ( o r g a n i c s ) and 4-2 ( m e t a l s ) .

4.1.1 Organic _ Compounds , D.e-tected
Compounds most c o n s i s t e n t l y de tec t ed in pond s l u d g e for thev o _ l a t H e organic , f r a c t i o n are benzene, e t h y l b e n z e n e , t e t r a c h l o r -o e t h y l e n e , t o l u e n e a n d x y l e n e s . E v a p o r a t i o n sy s t em s l u d g e sshowed s i m i l a r v o l a t i l e compounds as in the pond s l u d g e , but atc onc en tra t i on s about 1 / l O t h as h igh .
Compounds most c o n s i s t e n t l y de t e c t ed in pond s l u d g e for the acidorganic^, fr .Mtlo_n are all p h e n o l s , inc lud ina ohenol and severalm e t h y l a t e d p h e n o l s ( c r e s o l s ) . T h e s e c o m p o u n d s ( e s p e c i a l l y phe-n o l ) were a l s o f o u n d in pond water and e v a p o r a t i o n sys tem s o i l s .
C o m p o u n d s most c o n s i s t e n t l y d e t e c t e d in pond s l u d g e for theb a s e / n e u t r a l , organic., f r a c t i o n were p o l y n u c l e a r aromatics ( P N A s ) ,in c lud ing n a p h t h a l e n e , 2 - m e t h y l n a p h a t h l e n e , phenanthrene, an-thracene and f l u o r e n e . S e v e r a l p h t h a l a t e s were i d e n t i f i e d atl e v e l s b e low the a n a l y t i c a l d e t e c t i o n l i m i t s in e v a p o r a t i o nsystem so i l s and were detec ted in dike soil s a m p l e s . S a m p l e s ofth e f l o a t i n g o i l / e m u l s i o n layer ( T a b l e 3 - 2 ) on th e pond c o l l e c t^ed in J u l y 1987 showed e l evated l e v e l s of p h t h a l a t e s .
P e s t i c i d e s have been i d e n t i f i e d o n l y in s l u d g e s buried in thedike s . P o l y c h l o r i n a t e d b i p h e n y l s ( P C B s ) have been i d e n t i f i e d inthe pond s l u d g e , f l o a t i n g o i l , pond dikes and s ludge d e p o s i t s inthe evaporation system, but not in water or evaporation systems o i l s .

4.1.2 M e t _ a l s _ Detected
Among the m e t a l s t e s t e d , those most concentrated (>300 m g / k g ) inthe pond water, pond s ludge and/or dike s o i l s are zinc, iron,aluminum, barium, l e a d , chromium and c o p p e r . N i c k e l , manganese ,boron and vanadium are al so pre s ent in -2Gnc*atrat ions betweeni U - j O O m g / k g in the s l u d y e , evaporation £»>stcm and/or dike soil
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s a m p l e s . S l u d g e leachates contained high magnesium, barium,c o p p e r , cadmium, lead and nicke l . Pond water o n l y had d e t e c t -ab l e l e v e l s o f chromium, c o p p e r , iron, magnes ium, manganese ,n i c k e l , zinc an4, ' "
The on ly m e t a l s d e t e c t a b l e in evapora t i on sys tem water werebarium, c o p p e r , iron, manganese, and zinc. M e t a l s in evapora-t ion system s ludge d e p o s i t s are very s imilar to those in thepond s l u d g e , both in i d e n t i t y and concen tra t i on , except for zincwhich wa s about I / l o t h o f pond s l u d g e c onc en tra t i on s ,
L e a c h a t e s a m p l e s o f background s o i l s ( T W Q B s a m p l e s c o l l e c t e d1 1 / 1 2 / 7 6 ) used as t o p s o i l on the evapora t i on sys t em show nod e t e c t a b l e l e v e l s of cadmium, chromium or l ead . Barium, c o p p e r ,c a l c i u m , mercury, manganese, sodium and zinc were f ound atm o d e r a t e l e v e l s , g e n e r a l l y at c onc en tra t i on s about an order ofm a g n i t u d e l e s s than pond s l u d g e l ea cha t e s a m p l e s wi th th ee x c e p t i o n of mercury, which was higher.
4 • 2 Air -Emis_sig_ns
The f o l l s w i n g conclusions h^ve been reached (SCRI, ^ v S ? ) regard-ing ambient air q u a l i t y at the S h e r i d a n D i s p o s a l s i t e based oni n d e p e n d e n t s a m p l i n g a n d a n a l y s i s b y R E I a n d E P A ' s EmergencyResponse T e a m in March 1986;

o The s i te has no d e t e c t a b l e v o l a t i l e emis s ions of p o l y -c h l o r i n a t e d b i p h e n y l s ( P C B s ) based o n d e t e c t i o n l i m i t sof 0.003 m g / m 3 ;
o The s i t e has no d e t e c t a b l e emis s ions of v o l a t i l e tox icorganic compounds or l i s t e d RCRA hazardous substancesabove background l eve l s during average annual ambientcondit ions.

A summary of air q u a l i t y a n a l y t i c a l re su l t s is contained inT a b l e 4-3 along with a comparison of Hous t on urban area meanbackground and OSHA T h r e s h o l d L i m i t V a l u e s (TLV) . At a detec-t i on l i m i t o f 0.003 m g / m 3 , EPA did not de tec t p c l y c h l o r i n a t e db i p h e n y l s ( P C B s ) in any o f the F l u o r o s i l - t u b e s a m p l e s . Nod e t e c t a b l e l eve l s of organic vapors were f o u n d in the carbontube s a m p l e s , except for a background s a m p l e at an upwinds t a t i o n (#10) . C o n s i d e r i n g several carbon tubes were loca t edinches above the pond s u r f a c e , the resul t s indicate that nohazardous v o l a t i l e mater ial s were emitted from the pond ai, Lhetime ot s a m p l i n g . Except tor acetone in on« upwind backgrounds a m p l e , no EPA hazardous substance l i s t compounds were de t ec t edat q u a n t i f i a b l e l evel s for any of the SCRI sample s . ( P r e v a i l i n gwind d i r e c t i o n i s f r o m the southeas t . See F i g u r e 8-3, S e c t i o n8 ) .
. 4-P. .. . . ...... . . . - •••- - •• •- • - •>-•- -• ••-•
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4-3

S u m m a r y o f A . I Monuonne u tuu s - D e t e c t e d Ccsoounds
m ooft V d i u m a t n e o a s i s

V o l a t i e Compound

C h l o r o a e t h a n e
V i n y l c n i o r i d e
C h l o r o e t h a n e
w e t h y i e n e C h f o r i d e
A c e t o n e
i . 1-Dieh l oro e th ene
i . t - D i c h i o f o e t h a n e

T r a n s - i . Z - D I c h l o r o e t n e n e
2-Buianone
1. 1. t - i r i c h t o r o e t h a n e
carbon r e K a c h l o r i d e
v i n y l A c e t a t e
T r i c n i o r o e i h e n e
Benzene
C I S - i . 2 - O i c h l o r o o r o o e n e
4 - M e t h > f • z - P S n t a n o n e
T e t r a c h J o r e t h e n e
T o i u e n e
E t h y t Benzene
x y i e n e s

PCBs

H i g h e s t u p w i n d
value Measured &y

EPA or REl

8MOL
6MDL
BwCL
BH-OL

J 7
BWDL
BWOL
awoi.
f l M O t1 i
a«ix

MJ
hO
4-0

B W J L
QttQL

M>
4.6

BAOL
3.5

M>

H i g h e s t DOttn wind
vaiuo Measured by

EPA or R6t

BMDL
M>
U>
8 7BWH.

BMOt
Ô
Ô

Bn-OL
7 t

BVfV
BMDL
3AOU

3 1
BAOl
ro

StrOL

3 9
08
1.9

K>

H o u s t o n A r e a
wean 03 c Kg found
( , S / 1 4 - S / I 5 . t 9 8 0 )

I D

I 0
9
fr z

H*.
NA

0 93
e 06

KA
HA

0 4
t , «

NA
i & \

5 8
MA
MA

0-4
10 3
1 -4

i 3 - « M , l
m - / o - a P-

NA

oau
T L V - I W A

< p p b )
SO. 000

1 . 000 . 000
100.000
7 SO. 000

s.ooo
200.000
£00.000

100
350.000

s.ooo
10.000
90.000
10.000

-
-

$0.000
too. ooo
100.000
10.0. QQO

(300 ug/m3t

Da t acli on
L l « l t

( u g / m 3 )

.
,

0 Ot
3 OJ
0 Ot
.

0 01
0 008
0 01
0 02

-
0 0-1
0 009
.
-

0 02
0.009

-
0.009

O 003

O
vO
04
T-
v-
O

E P A - E R / R E I s a m p l e s M a r c h 4 / 5 .
E P A - F t T s a m p l e s ; u t y 1985 ;
E P A - F I T s a m p l e s l u l y 1983. ;

- NO s t a n d a r d
( l > « source m e a s u r e m e n t o l h a z a r d o u s o r g a n i c c h e m i c a l s i n ( h e a m b i e n t

a t m o s p h e r e E P A - 6 0 0 33-83-002. M a r c h 1983.
B M D L - T e n t a t i v e l y i d e n t i f i e d a i l e v e l s b e iow d e t e c t i o n u n i t s .

M3 • Not d a t e c t e d
N A a w o t A v a i i a b I e

( s o o u g / m j j » G S H A s t a n d a r d i n work p l a c e ( o r P C B - S
. - , • , , , . . • i , i . . i . i»:"iV " ' - " . ' ! - " • • • ' ' " i i - i - " r - " . ; ; I T | • " ' ' ' ! • • • - • ! ' • . • ; : • - • • : - • • i r i !|"" , ;
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EPA s a m p l e r e s u l t s i n d i c a t e d trace q u a n t i t i e s o f various EPAhazardou s subs tance l i s t c ompound s . It shou ld be noted that thel a b o r a t o r y method b l a n k showed p o s i t i v e r e s u l t s f o r ch l orome th-ane, ace tone, 2-butanone, c i s - 1 , 3 - d i c h l o r o p r o p e n e , and to luene.The f i e l d blanks contained trace l eve l s of chioromethane and2-butanone. T h e on ly compounds n o t t o t a l l y a c countab l e b y f i e l dor method b l a n k s were benzene and 1,1,i-trichloroethane. Ac-c ord ing to the SCRI ( 1 9 8 7 ) , the se trace l e v e l s are wel l underambient concentra t ions of benzene f o u n d n a t u r a l l y and were com-p a r a b l e to EPA r e su l t s for the s i t e background l eve l o f benzene(1.6 p p b ) .
4 .3 A n a J L v t i c _ a L M e t h o d o _ l o q v _ _ a n d _ Q A / _ Q C
The a n a l y t i c a l me thod s used by REI and E R M - S o u t h w e s t for thea n a l y s i s of s o i l , water and s l u d g e s a m p l e s are summarized inA p p e n d i x B. All s ampl e c o l l e c t i o n and analyses by REI and ERM-S o u t h w e s t r epor t ed herein have been p e r f o r m e d in general accor-dance with E P A g u i d e l i n e s f o r p r o p e r f i e l d a n d l a b o r a t o r y prac-t i c e s , i n c l u d i n g the 1986 RCRA G r o u n d - W a t e r M o n i t o r i n g T e c h n i c a lEnfor c emen t G u i d a n c e Document , S W - S ' i e , A C T M S t a n d a r d M e t h o d s ,a n a 4 0 C F R S u b c h a p t e r N , P^r*- < * 0 l . \ 2 " M e t h o d s f o r *naiy<s i e o iW a t e r and Was t ewat er" .
A n a l y t i c a l Q A / Q C for the s a m p l e runs has been in accordance w i thEPA recommended f r equenc i e s f or b l a n k s , d u p l i c a t e s and s p i k e ds a m p l e s . F i e l d and t r i p b l a n k s and f i e l d d u p l i c a t e s have beens u p p l i e d f o r most m a j o r f i e l d s a m p l i n g e f f o r t s . A c o m p l e t e s e tof Q A / Q C and laboratory reports of all 1987 data summarizedherein have been prov id ed to EPA under s epara t e cover.
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o
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5 - E N V I R O N M E N T A L F A T E A H D _ m & M S P £ E T
5 .1 P h y s i c a l / C h e m j . c ? ^ P r o p e r t i e s o f Detec t ed Constituents
The p h y s i c a l c h a r a c t e r i s t i c s o f each d e t e c t e d compound d i c t a t e as p e c i f i c s e t o f value s and p r o p e r t i e s that w i l l , in t u r n / regu-l a t e th e m o b i l i t y , p e r s i s t e n c e and u l t i m a t e d e s t i n a t i o n o f eachcompound in the environment , The p o t e n t i a l exposure p a t h w a y s atthe SDS S i t s ar© di s cu s s ed in d e t a i l in S e c t i o n 9. O b v i o u s l y , acompound wi th h igh aqueous s o l u b i l i t y i s more c a p a b l e of migra-t i on in aqueous media than a compound with r e l a t i v e l y low solu-b i l i t y in water. F u r t h e r m o r e , the chemical charac t e r i s t i c s thatgovern m o b i l i t y a l s o p l a y an indirec t role in d e t e r m i n i n g rela-t ive t o x i c i t y since a compound c a p a b l e o f w i d e s p r e a d d i s p e r s a li s p o t e n t i a l l y more h a r m f u l to a greater r e c e p t o r p o p u l a t i o n *In a s i m i l a r sense, a compound wi th a h igh v o l a t i l i z a t i o n rateis more c a p a b l e of en t e r ing into and being t r a n s p o r t e d by thea t m o s p h e r e , which could p o t e n t i a l l y e x p o s e a gr ea t er r e c e p t o rp o p u l a t i o n .
P h y s i c a l ancl chemical p r o p e r t i e s of a compound are d e p e n d e n tupon t h e actual p h y c J c a l s tructure o f t h e c ompound. T h e bondinqbetween various atoms in a m o l e c u l a r c o m p l e x d i c t a t e s m o l e c u l a rs h a p e , r e a c t i v i t y and p h y s i c a l p r o p e r t i e s .
T a b l e s 5-1 through 5-4 ( f o u n d at the end of this s e c t i on) con-t a in a d e t a i l e d c o m p i l a t i o n o f phy s i o- ch emi ca l da ta f o r almos tall c ompound s r epor t ed above method d e t e c t i o n level at theS h e r i d a n S i t e . The only e x c e p t i o n s are some inorganic s such ass od ium, boron, cobal t and p o t a s s i u m that are n e i t h e r hazardou snor pre s en t a t s u f f i c i e n t concentrat ions t o s i g n i f i c a n t l y e f f e c tthe f a t e and t r a n s p o r t o f other cons t i tu en t s . T h e s e t a b l e s arep r o v i d e d as a data base for the e xpo sure pa thway a n a l y s i s andrisk assessment pre s ent ed in S e c t i o n s 9 through 13.
The da ta summarized in T a b l e s 5-1 through 5-4 were reviewed forthe p u r p o s e o f i d e n t i f y i n g and eva lua t ing key c o n s t i t u e n t s fort h e s e l e c t ion o f I n d i c a t o r Chemical s ( S e c t i o n 7) . The data f o ri n d i c a t o r chemical s were then used in the t ran spor t m o d e l s inthe Expo sur e Pathway A n a l y s i s ( S e c t i o n 9} and Risk E v a l u a t i o n( S e c t i o n s 1 0 , 1 1 a n d A p p e n d i x F ) . T h e da ta p r o v i d e d i n T a b l e s5-1 through 5-4 u n d e r l i e many of the conclus ions drawn in th i sdocument .
5 • 2 F a t e and Persi s tence,
T a b l e s 5-1 through 5-4 also summarize d a t a concerning pr imaryt ran spor t p a t h w a y s and u l t i m a t e f a t e proce s s e s for each com-p o u n d . A reasonably d e t a i l e d account of character i s t i c proper-t i e s i s a v a i l a b l e in the far right-hand column of the t a b l e s for
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all c o m p o u n d s d e t e c t ed at the s i t e . EPA has r e c e n t l y p u b l i s h e dd e t a i l e d t a b l e s o f p h y s i c a l / c h e m i c a l d a t a , f a t e a n d p e r s i s t e n c eand t o x i c o l o g i c a l d a t a . T h e s e d a t a are p r o v i d e d in A p p e n d i x Cto t h i s r epor t to s u p p l e m e n t the d a t a summarized in T a b l e s 5-1t hrough 5-4.
In a d d i t i o n to the d a t a and i n f o r m a t i o n p r o v i d e d in the la s tcolumn o f T a b l e s 5-1 through 5-4, the o c t a n o l / w a t e r p a r t i t i o nc o e f f i c i e n t ( K o w ) values are prov id ed when a v a i l a b l e . Kow i svery u s e f u l in m o d e l i n g f a t e and t r a n s p o r t proce s s e s . In orderto generate Kow d a t a , the compound in question is mixed into avessel c o n t a i n i n g equal amounts of water and o c tano l . A f t e r aper i od of m i x i n g and i n c u b a t i o n , a l i q u o t s of the two i m m i s c i b l epha s e s ( w a t e r and o c t a n o l ) are a n a l y z e d to de t ermine the concen-t r a t i o n of the test compound. The lower the Kow va lu e , the mores o l u b l e the compound is in water and, c onver s e ly , the l e s s solu-b l e i t i s in n o n - p o l a r ( f a t t y ) substances . T h e r e f o r e , th e Kowa l l o w s i n f e r e n c e s t o b e made concerning a c o m p o u n d ' s t r a n s p o r tthrough water as w e l l as the p r o b a b i l i t y of a compound be ingconc en tra t ed in the a d i p o s e t i s sue s of a receptor organism.
T h e most f r e q u e n t l y encountered k L c u i t » p ' j r t / f a t e scenarios are: 1 )v o l a t i l i z a t i o n f r o m a s u r f a c e water body or soil s u r f a c e w i thsubsequent p h o t o c h e m i c a l o x i d a t i o n in the a t m o s p h e r e ; 2) a d s o r p -t i on onto s o i l s ; 3) e lu t i on f r o m contaminated s o i l s and subse-quent " f l u s h i n g " into the ground water sy s t em; or 4) f o o d chainu p t a k e i n re c ep tor areas ( e . g . , a q u i f e r , l a k e , s u r f a c e s o i l s ) .Other scenarios i n c l u d e d irec t dermal c on tac t ; exposure to d u s t scarried by p r e v a i l i n g w i n d s ; i n g e s t i o n o f c ontaminated f o o ds t u f f s by humans ( i . e . , f o o d - c h a i n t r a n s m i s s i o n ) ; and directi n g e s t i o n of water or, in the case of smal l c h i l d r e n / s o i l . Allof these pa thway s or exposure scenarios are eva luat ed inS e c t i o n s 9, 10 and 11 us ing the I n d i c a t o r chemical s s e l e c t ed inS e c t i o n 7.
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*̂

"
!§ E
*» **e *

z s o5 e '£ f 1
S "I
= ; I
- A n*• 4* «*IA m If

~ B

n )• f> t-

l $ £ n
B !" MQ a

e * t i

I f
f t I !C ; a ~ 2 2

" ' I I P A r n T f t^ & P ¥ e D 5- e
: 5 5 2 * 5 n . S

• - & £ * » » ! •S s £ ? £ s i I ri - M "; * * • • !* e *. - 5 S
S S

S I 8 gf 2 s - S*£ — «* a S ^n p ^ n i a « | B * " *n A »- * — • -*t a o •« -« ^ c. vi - 5 a i: *!:i g S -i M ** * - is S -

* * * " x SS 9 f ? ?l? sf l M - ! * M

t 1 ' 1 -I i ; =
! l

- 3 S
» ? 5
| * t » S f *£ *. « • Z « B-s s*fs !I * . 5 = „ „* • a * i *M ! ! * * si : i « = = ?- ; S S e »1 * s : *! | ? S 5 *» * 9— *> <• S *>I . § g

* ™ ~ r

I
I
I
I
I
I
I



j f f l H f ^ M ^ H F S ^ ^ P J 3 B t ^ I 3

' . ' „
nK H 0
0 - - • »

5 5 " i* *5 5 * Sf c
1 » - £
2, | iCT n -ni l l I
Pf O A ft}S 8 * ~? S ~ **n -i -.< 3 P— A -i *
it r* £5 ° 2 S •"" e « si ~ -: §-> S "it i- w R5 i =i ? f« 5 a

n *
JE £ g

g * i
** ffl n* * * * *T S a** £o 5.« 3

" fi9
" a

e A
I *
I S

f r

f>
i

C S* *f t f r
IV — •o 5?-- i J i-j--» v 3

—— i I |K) i ;sfl ^-*4 " I£Ul =-<• a * f,« "* Z y

2 3 | SS •• ? ~
5 s i !ft * i• O t ts o f fI I !S £ 8 ;

"55 5 » ftfl- S *r ~* " E i— **I -- j•» *
x

9-S

* * S t * f f ^ S ' ? ^ " * ^ S ^ ift a
P ^ f f O E J O ^ P S - ^ y Q 3 3 — f t o « u i o 3 A { - ' T 1 v i o
Q 1 3 D Q O O H ^ A O • f f ' O 5 * * j | o v i O ' W f l ^ ' ^ S ^ W

* o O * — O C ? % = ^O l _ i 3 « S H J * n ^ r . < J - , ! i T < - » f t( I ; . ) O — _ — O f ! - ^ B . 6 ^ " H S -
H - p " r f O P * J * ~ f l * * ' * " t f ^* R ^ ° * f t < ^^ ° ™ _ m e * ~ 5 5 - " * 5^.**g . » o o p - i j - " S i r . 9 3 0f i p ~ - « » i s e5 o o u « - > . - r / ( » M U< t p « u > " v > - . a e — O-> S ~ * « 0 ^ < » » - ^ "* - 9 3 e - i g n - 1 - n C ^ C
— B - » » - o i ' * n 3 ^ x S .- < O ; - _ g Q - » « , « ^ .•. c a p c l — ^ «. .= c " o r i < a a t " 3 «3 O * - f l f l l ^ -r»^ v 1 ^« o n f t r t f > — §o o % n t 5.
^ n — « » S™o- o « B = X a
it * Q «. " *

O A f\

1 5
— t*£

(T

" * S? 0 - -* •»»- ft n
** £ * "*
f ' § 2
* P -» M

Bt19

f ^ 5 ! l ! : * i e » » - » w K Of c n / 1 3 5 ^ *- o . s — p- — - nc— o & ft c. e 3 3 n - , ^ _ _i.
" C " 2 I g ^ » i c S 3 " ^? 3 * ^ ^ 1 " « • . £ - . e £C ^ — £ ft 7 *r « i^ it a * n
1 ? ? ^ f a n f r ^ n < D» a p » « ~ 9 ^ — S* * - t i ? * • ^ a * i a a ? *» S * 9 "• ™ » a a •» fi —« 0 " f » * J ~ 3 « « > r " 3
• A b 4 n v * v » n f r A - r ^ Q O« £> ~ -, 3 ^ " , n . I* 3 - < * 5 3 2 * SE * S • S ^ l ^ r f % „
" " - o ^ " 1 ' " S S ^ ' " * " S7 t > - 9 f ) B o w A o a« ^- a 1 " .- a r' S * 7 t ; * *
* _ " S * o ? P " *&•*•&<* -i * V .̂ n n
S — • e » " _ ! > ^7 ? g § s 5 2 f - ^ g a
~ » 0 0 i c n « e - c1 — — S B S

I *i » !

5 S

g S ! § " 5 C i 8 g l ? s S s i A l l l s 3 ^ t » f i g i° s E ! | l i * S 5 | l i ! v r f s i i : 2 ! ! l f s s l
' " * 1 I * 2 * * » S S " * * 1 ' * n § w 3 " > 9 ~ S S * * *l ^ i s l M l s i j I l f » i l c - ! £ i ^ r s S r s i

2 i s i s l i l i - , r l g g l ! j l " l l | l ! i i s s E£ l l ! c ! * i l ¥ 5 i ! : i i i l i f f l ! S s " = 1 1i» — v t 3 tr •* ?w *?? » c ^ f e S f i fc " J i r7 * * _ 6 S * 2 ? | 2 » « a S " * S 5 S ~ « " 3 " * 2 ? 8. C 3 C ™ B S * " l 5 s ~ - " •• * * £ s " " * S 5 S sn l o t l « f " ' i f * " * - ^ 1 I 5 " E l | I S - »S * * I " t ; 3 . , s t s l * l o * * i « * * * ? « -1 3 ? 2 2 i 9 I § I " 1 § . S ' ^ " ' = * * * S o= » C j " " 5 « S s -«* ? e ~ — " " < « " * S " « v | 2 *• " " r r ; * - r * 1 * * & £ f » e - -; - £ | 8 •: r" ! - « * * * 5 t«S « « 8 - £ G - t; P, * « * ;i l l s S * » I * e • c

* o n
* 2 •»

A

s § s'

n

g
* *
I fic
"

- n s
m s S*= ** S
o 2. *
a e E
a <- —-> on f

i l l£T ** £1 * ** ***
s S ,

^ *
c * IS i>t â
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«*»îii
3H

U

•

d

z
i.O
8

«l
aa <• «
3 2\\
« a.* 2
*- •
£ O
1 8

'
. 1f a
* aS = lc >u a «

M

*• «.Q H f« J 2
-• * •

t f
oot

 u
ial

f7.S
t r ca

nl
i *

tfia
oot  r

41a «-a 3 "• *V i3s s95 E" .& i4i s
o, 5 S

M1o
u\

•̂
U a— *kj U

a «« S *•a a* 1^ 13 »
b fl

-3 v.
riS i *
I u

t) n2 r«• » '

S
«

**F 4
•1

,

!"
•4o£V*

?•>
*

• b
= ^

^U

iI .'> •- •: s
1 4

a
' b
' K
t |
i *-

' i- a
i I

!
r

i ' J

i f

|

0

2
cJ!*
QU
*

<

CM

o

N
1Co

£

u
a; m0 0
cu c?" Ss s• -J aS 1

n

i
u u

« ° to ta
t V)

£ £
J u
o 1
& 5ta

a>

„
«o

••
2»
1

K

*

0 U

in •' 3ID aS

*i

• &<L

•|
P̂  »-

*s
*>0>
-w

I
e

,.:°a

U w -.

i ft ft i s
S! 3 8 •. 3*• I «•* a ui -•

5-9



7B1
I A C L F S ~ S I C

a r w u ( * t l o n «n<f T f "
S h e r i d a n OlapO-»(

fee
S i t e

C H E f U C f t L C H A R A C T E R I S T I C S
B T B S i C T U R W

C B C f V , E P f t - 4 * Q « , f l , C P . C , E P A - 4 4 0

* A T f i A M I

HWI BB.BS
tft -B.7 C
BPl B7.3 C
VPi 61 m «t 80 C

Sod 8,890 o g / i # SO C
d f i i y * a 1.7B

H HI I
Ct - C - C -

K a d * y l l ( ( u t i l . burn* v l
pl«nt>ani odor, •**•( t«*t«r nature* fn
mtter. K i a c t b t * « f i h « t c o K a ( , e h t o r a f a
•nd »t(r*r.

1.79 V M * t f ( ( i - t f o n h . l f Uf* - 30' ta 30
— — — B f n u t B * . O i t d a t t o n t i n [ f I t f * • 1 . 5 •owlK*
1.46 P t t a t t t - o i t i J a t t o d tn t t i« t r a p o t p h * r » t* Lit*

Ot
O

t ,1 -Ol ch lore*thy t tttn

mt 9 Q . S 4HPI -iaa.t c
BPl S7 C
Wt GOO •• «t 20 C

Salt 35,50O p o / t

c - c\

L t q a f d t « t l d mat odar c u n n M I i n g chut or
o h ! o r o f a r a . P r « « t ( i ^ » l t » I n » o [ u 6 l » t n M t e c .
B a t u b l i I n or^intc n o t V B n t * . U n c o n C r o t t « t
p a l ) m » r t t « t ( o n *«y l iad to v i p l a c t * *
r i B c t f a n p r a t f u a E * •t th onyQan or irzant. At
taa|Miri:ur>B *bo«* 0 C *nit * « p a c l B t l y to
precanca of k«rB>n & f a th*r «u l t»b i«
G » c « t y * t B .oteirli** to • p t » t t o .

1.49 V a t « c ! l £ t i « c ( a n f c * t f Ufa » 23 «» Q?
— — — - • f n u t a i . Q i i t i t M G I o n t t « t f - l l f * • S . S t o
1,04 bour«. P h o t a - O K f d K t l a n In th* Cro(i»«ph

Ui« p[-«da»lr«Kt f a i n , V a t * t t ( l » t t a n I
p r t B B F y t r a n s p o r t •nd proc*B«.

E t h y E

Wi 106.17
MPt -9S C
BPl 138,2
V P t 7 M BE 20 Cise »e/*[ * 20 c

I 0.87

C o L a f O a a I q u ' . d , » f c » « t t o adar. H t s e t b l *
( n *lcoht>t » - : < J *t;h«r) I n a o t u b t * t n t a U )
• o l u t i t * t n S C £ . H > r ruat ( r t g a r o u a l ) ' n f t t i
o c t d t i a r * . r«>e«rau« *tt«n l a p o c a d to h«at
F t M * . P r o r t ] « U i ( n w C u t l i ' n n U r .

3.15 V o i t « t l t t i » t l o n »* l f t l f . • f t - S Irawre..
O i l i t e t ( e n h i t f I f f * Ct tBae^*r«) > • t b >
hoar*. P r l » r y t r a n c p a f i p * t t > M » f out af ltv»
•quatla • n v t i M R M ' V t t « v a t t t l l i t r « K l e n t n t o
Bh« »t«f t»pN»r*. Th«(V o c ( d « t ( o < v tnteon«« th»
p r l u r y f « C * proc*M<. &th«r praewvn* C i . * . fb l a c r « n * r o i r B * t t a n j l (uva not bcvn »a(**««d.
C B t t m i t a d t » f * t ( n » u n t f v r p tvo tochtntQ*!. Miog
« o n d l t ! o t t > i 4.8 h o u T f t .

2 - f l e K M n a n *

» M i I W J . t B
Wl -B7 C
»P» 128 C
WPt 2 MI *E 8& C

S o t f 35,000 mySt • EC C
( J 2 0 / 4 t 0.31

C H ,I '0I•c-<(H

I ( q u i d . S a t u O t * I n o C o o h o t , *ttv«r

For B t p E i i n B t t o n o f t*raa, «nit emttemacmt, MTK T i d e * S-5.
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T A 0 L - E 6 - S ( C o n t ' d . )
P r o p o r t i e i , S t r u c t u r a l F a m u t o i t f a n a n d T r a n s p o r t P r o p e r i t a o f a r - D « U c t * d V o t a l K a

S h u r l d a o O t t p o w l S s r v t c a t 5<t»

C H E H I C O L
I N F O R M A T I O N

d l C , V , S P H

S T R U C T U R A L F O R M U L A

C f l C , V , E P A - 4 4 0

R f Y S I C A i P R O P E R T I E S

H , R , C R C , E P A - 4 4 £ 1

Row

V , « f

F A T E A N & P E P 3 I S 1 E N C E

w»: -2S C i
BPi 144.4 C :'
VPl 5 ma 9 EO C

Satt *76 - f l / t « 20 Go.ea

C l e a r I t q u l d . C o n s l d o r a i l t n t o t a t i i a l ^ t t ^
mcar. K f o c t t t n • ) ( [ » »Lco^»l * f i d »thi>r.
t f«BBC c t i a r a c t u r t f t t f a odor^

£.77 o - X / [ * n « b( t a e x p o r t s a c f r a A p i m p a t v a * £!«•
or 2.B hour* tn photo-ch«»te«t way
c o n d i t i o n * , P a r s l t c v n t fn gc-aunct >nt«r and

MPt -48 C
jj, BPi 139 C
_^ VPl S a. O 30 C
Ctl Sat i 18S MQ/I » £U C

d2<l/4 i 0.8S

C H 5

— C M j

C l a o r , odo
t n s o l u b C *
*nd >tl>ar.

l l q u ( ( S , C a n a t d u r a d
% ' T . H f d c t t L i « t t t v

3.SO B ' K f t c n * H « t • report** d ( B » [ H j » s r 6 n c » S t « w
oT 1.5 howrs in p h o c a - c t t a n l C B l »«ao
c a n d l t t a n * . P * r t ( » t a n t in ground BO tor Bud
b u r l i d B o l t * .

MPt 13.3 C
BPl 138.4 C
UPt S . S S M> ft SO C

S a l t 183 «gA O ES C420/4 t a.aa

C L e e r ( i q u t d . Co-U r L « s e p l s t e x B I - p r k w i B 3 . I S
* t t o o t i w p c i r v c ^ . ' a . C o n 6 t i l * r e d I t i u o t u C i t * I n
•atar. S o i u t i t o t» i l c o t i o t , a t h a r and oany
a t h * r o r g a n i c s i U e i t o ,

p-Xy(»n» ha» * r«part»d (S(»»|>ij«BPono« e t u v
of 2.4 hour* 4n p f t o C O ^ - C l M w f c * ( cwcg
o o n d l t l o r » . Per i t s l . *rv t (rt ground »*t*r and
b u r l e d k o t t a .

For e x p l a n a t i o n of t«nw, •rut pmtarmaeat, »a* Tffbt* 5-0.
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361
TAB16 b- 3

P r o p o r t t f f f l , S t r u c t u r e I F o r n u l a t t o n a n d T r a n s p o r t p r - o p a r t t a a f o r - D e t e c t e d B r e a / N e u t r n l / A c f d
S h a r t d a n D t a p o t a ! S e r v l c a i S i t e

C H E M I C A L C H A R A C T E R I S T I C S
S T R U C T U R A L F Q f l H U L A

CRC, V, EPA-440, 8

B A S E N E U T R A L t A C I D E X T R A C T A 3 L £ C O f C Q U N D S [ 8 B O - V O L A T I L E ]

V, EPA-440

Wi 36.2 C
BPi E78 C
VPt 10E-03 to 1QE-0? •» » 30 C

S a l t 3.4? BoA lit 25 C
dOO/4i UQ2

P H Y S I C A L P R O P E R T I E S
CUC, H

I n a o . u b l j e I n w o tor-. Q n a great d l « e o V c » o f n
St »i a t c o h o l , 66 ml a a t h a n o l , £5 •!
p r o f M r i t r G.E »L c h l o r o f o r m , S »L btt«cano or
tu lu^nt 3.B Bra»» ara •oluot* In tOO nt
g l k o l a l a o a t t c o c l d . Form* «at*r a o t u b l * ,
c r y e t s l c o a p l a K * * w i t h d » « o x y c h o t l c a c i d ,
V t l ' c r y o t n U f t a K concvntr e ta i l s o l u t i o n *
of M3 p r o p o r aaouaC of t t i a conpoundi t in
• lonr--l or d l o x a n a ora a l l o w e d to coot

4.33

4.00

F A T E A N D P E R S I S T E N C E
V, £PA~44Q. HR

O x f t ^ i t t c m n o t m f t f Q n t f l o a n t
V o t i t U t c a t l o n l« not a« t
a b e o r p t t o n an a t r * n a p o r t
B t o d a g r e d a t t o n t t con»ia*rr*C th s
u l t t»* t<« f a t » p r o c f t K * . H o z B M n t
via •adt*an<t !• c o n » f d e - r a d an
t a p o r u n t t r a n s p o r t

Antt i racana

Ol

M iw>i
BPi
V P l

S o l t

178.S3ete c
S4Q C
1 .BSEHM R» f
O.OS - 0.07 »

EO C
/i at £S

d £ S / 4 l 1.283

K a n o c l : < a ! c p t « t o » Ifrtm a t c o h o t )
•(th p c r p i a f l u a n t M n c a £«han p u r a t or
y v l C o v k i t h gra«n fluor«««nco («tion
contm(n«tBd a f t h t a t r a c a c w / n o p h t h a c a n a l .
£n(t« «or((t TUMCB »fc»rt heatad to
d v o o K p O B f t l b n . F o r a a •o lvou lvr a t t d l t f a n
p r o d u c t s *1th n l t r o compound*. S o l u a b t a f n
a l o o h a l , t w t h a n o t * bani>n«»
«th«r, c*rboo d ( » u l f ( 4 t t carbon

t mid toLuon*.

r a r l o u a proc«»«« p l * ) r • rot* lur
t t i o f » t a o f •nthroo*n«, b l o d e Q r o d s t t o n t«
p r o b a b l y *o»t («poct«nt . B l o d * a r * d i i E t a n
t t i . t r l i r « " >t1.3 houri. U n d a r t f l o a t
c o n o t t f o r t B Bind h i g h d l t r o l w d concantrat ta

1* a l n a c* t«ver t t , w t t h a rapor t
I f f * o f 3 5 BtnuE*B. Qcrkana I n

Wt
H P ;
BPi
V P l

S o l i

390.6?
-BO C
386.6 C
1,S mi » 2fl C
0.4 mg/t it ftt
NA

C - O - C H z - C H - C C H j )0 C^iC H j

L i g h t color a d , o H y t f q u t d f r r M f i w n t l y utad
I n V B O U U I p u n p i l . E»(t« a cr id odor vn«n

to

H f l 3te,4
if I <-3C C
BPi 370 C «S 760 r->
VPt 3.6E-QS «• » SO C

SoU 2.B * 1.S • w ' t UB
d a s / E S I 1.1

H 2 0 f

C l . t r ,

6 . 3 B f o d v g r a d a t t o n D a G f U f » • 4 make.
S o r p t l o n f i t c o n « l d « r f t d t h * p r l i t a r r
craneporc pr-ocwa*, aMt* b- lo s counuto t t on ,
b t o d t t Q r a d a t l o n a r a u l t l n a t * f » t » p r o c B K M
f n p r a t f « t i a n d • u i t ) c « t t u t « r t f r o e n t ^ * .

5.8 - K ( n » r a C I m t t o n u n t f a r aerobic o o n i l i t l o n * t<*
4.6 COB, undar F n a » r o b f e e o n d t t t o m e t o H2, CK4

a n d C O J . S o r p t f o n onto c u B p f t t i d a d
p * r t f c a l a t f t « and biota* end c o n p t o K o . c ( a n
mitt> bumla *ub«tacic»B ar* p r o b a b l y th* «osC
{•por tan t t r a n s p o r t •*ch«n(6»».
B l o a c c u n u l B t l o n f>nd b l o d a Q m d a t l o n u f »

i%, f o i o proc«i*«*.

F o r e « p l o n i » C ( o n o f aa» T e t i ( » 5-5.
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P r o p « r t f « B , S t r u c t u r a l F o r m u l a t i o n a n d I r a n i por t P r a p » r t f a s T a r Ont e c t s d B e a a / N « u t i * a l / A c l d Q f Q f c r v 1 c »
S h v r l d i t n Dt«»OM-. 6»Mrte*t S I M

C » E H T C A t .
I H T t a M A T I O N

R a f B r a n c f t i t CRC, V, EPA-440, B

S T R U C T l f f l A L F O R M U L A

V, ERA -440

P H Y S I C A L P R O P E R T I E S
C S C r K

F A T E W O P E R S I S T E N C E

V , l f , H R , EPA-440 t EPA-440, Mfl

C T t

[ U - n - o c t y t p h t h a l a t u

HPf -SB CBPI aeo c
VPt «J»2 wi

SoU 3 «0/L * BS
d£Ci 1.51

Wi 163.22«p* ita-it? c
BPi 263-295 C
VPi tCE-03 to ICiE-0* MR O BC C

S o i l t . &da*4c .̂e

6.2

O
C | j H , 0

K / A

f f r o *

•cU, i - o t u b U I n carbon d ! « u t , f l d « , o th sr ,
, hat «tcohol« 6 u O l f < M i In Mgh

4.1B

S o r p c t o a o f phih»t« t* «vC*r> to o r j t n l e
p * r t t e u t » t « » shoutd t n c r B « K « w t t t x c tmin
L e n g t h . C o n fo<ni e o t u b t * c o » p t c x e B [ f u i » t c

a c t d ) f n h u v l B » & H o *nCt n t C B r , wh i ch

(B »l*a *n t M p o r
( • ( n a u f f t c l w n t

H a h a C f t U a d«t« * v « U a b t o t A » w i t h u t l w f
P A H ' f ( 3 rtno» o r fauer. 1 ,
b t o d a g r a c t a c f o n a r e p r f B « r y f a t a

laophorono
tt»( «S.?1
W» -8 C
BPl 2^4 C
VPc Q.2B K # EC C

S a t i 12.COO B S / l M , C

C h a r e c t w r f o t l c s h a r p , p o p p n r w t n t
r. & Q t u b l a in » t c o h o t , a t l i « r and

' . o n e .

N o h n t f I f f * d«ta t « K v a U n b L * . I t f t p p * a < - «
that I » o p h o . r o n « ' « h t f l f i « o L u b K l C y provtd**
n « t * b o < L t c p e t h k a y c I n a p p r a c t a b l e q u a n t i t y .
V o l a t t t f z a t t o n f « d o u b t f u l d u « t o h i O h
• o l u b f l l t f .

KPi 34.B C
6Pt S4t C
V F i K A

S o t s
1.006

S a t , r t [ n o i u c o t l y f a w d I n co*t c a r p f t c h
f u B o t . S a L u b L a In •tcohol.( «th«r and
bam*.-*.

N / A t o n g a r h a l f U f a C n t!•»(*» than
[mphi tv»l»ni t . V o t - ' t t l i B t l o o f t t h » a a j
t r»nepor t • • c h a n l f t a t o tha »n»lro™*nt .

For f t i p i o n a t t o n of tame onJ at ibrav I BB« T * b l » 5-5.
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P r o p w r t t u s , S t r u c t u r a l F o n t u l t t ^ o n e n d T r o n e p o r t P r o p e r t t * * f o r C k t a c C o i t B » B « / K * u v r * l / A c ( d
S h e r i d a n O l s p a n l S a i > r l c « a S C t a

O f E K I C f t t ,
I H F B R H I T I O l S T R U C T U R A L F O f i M U W

CBC, V, EFA--448, B V, EPA-WQ

La a
P H Y S I C A L P R O P E R T I E S

C f i C , K V , « , M R , EPA-44Q

F A T E A « Q P E R S I S T E N C E

V , , HR

PtmwnShror*
W l T 7 S . 6 3
Wl 101 C
BP: SOS C
VPt B.8c-O4 at * BO C

Bolt 1.0 - 1.3 mu/L » es
(Mi O.BB

Oo H u n o c t r n t c p t o t d * irrom » t c o h o l } . I n o o t u b t *
I n w « t ( r , v o t u b t g t n o r g a n f c * Q t t * n t « ,
a « p e c t f H ) f a r c w a t t c hydrocarbon*. S u b t t a a e
(n • h i f l ^ H«CUU». I i o a a r l e mtitt a t t thrancan
S o b u b l t t n ( j t t o l f t l a c a t l c a o l ( J t S o l u t i o n *
e x h i b i t ; * etui rtuoro*eano«*.

4.4S
P A H ' « [ 3 r t n o B o r f t w o r j ,
M o < l * s r n ( J « U a n a r a p r t B « r y f a t *

Phono [

CD

»fj 84.11 :
W: 43 C -
BPt 181,?8 C
VPl 1 m • 40 C

Salt 62,000 «iys • 1fi C
1,08

.4S No h t t f >
c r y « t a ' l u i o •«•* w i t h d f t t t n c t l v * odor.
ttnttt l& rvdd*n upon Bipoaur* to ate and
t t Q h C . ' a r y c o t u b l a f n a l o o A o t r c M o r o r o r m f• tt i*r» & i y M r o l » carbon d t c u t f l d a ,
p a t r o l : . t i A v o l t t l a a n d f i n d o t l » , aquaoue
A l k a t f t v f t f r o K f d a a . P o l e o n o o * a n d cauc t l c .
L l q u t f c * - ! by • U ( n Q «Uh SX vacvr.

in o o f t •uipan*Ior>* t»o (tar* f or
d t B * p p a B r « n c e and d«c>o* p o u t t loo

p » r i o ( t by eoH • l & r a f l a r a tn on* d«y.

Far of e»rn. 5-5.
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Kaw

l f , E P A - 8 0 0

SPK
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F P A - * ) 0 , V , F

1232

D i 8 t u i t t i o ( i Rati
VPl 4.08 E-03
S o l i 1.45 « f l / L

(11 1.67

aao-aee c
«i 2S C
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en
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H*l £68.6
C U t f l t a t f o n f l ange •* 325-36S C
VPl 4.06 £-04 en wt BE C
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3.7.

B.68, 4,1t
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IW* 377.5
O f e t U l . t l o n Rang* • 383-420 C
VPl 4.CB E-05 N *t 25 C
Sat I D.DGS7 »0/i

di 1.B2
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6 - TnXI_CQL_QGICAL_._PROPE.RT_IES_
The i n f o r m a t i o n on t o x i c o l o g i c a l p r o p e r t i e s d i s cu s s ed b e l ow i ssummariz ed in T a b l e s 6-1 through 6-4 for each c o n s t i t u e n td e t e c t e d at the SDS S i t e and l i s t e d in T a b l e s 5-1 through 5-4.T a b l e 6 - 1 p r o v i d e s t o x i c o l o g i c a l a n d exposure da ta f o r m e t a l s ,T a b l e 6 - 2 f o r v o l a t i l e organic s , a n d T a b l e 6 - 3 f o r b a s e / n e u t r a l /acid ( s e m i - v o l a t i l e ) e x t r a c t a b l e organic s . T a b l e 6 - 4 p r o v i d e sd a t a f or p e s t i c i d e s and P C B s . T a b l e 6-5 summarizes and d e f i n e ssymbo l s and abbr ev ia t i on s used in the t a b l e s in th i s s e c t ion.The d a t a were used a l o n g wi th other i n f o r m a t i o n p r o v i d e d inE P A ' s S u p e r f u n d P u b l i c H e a l t h A s s e s s m e n t Manual (Octob e r 1 9 8 6 )to s e lec t the i n d i c a t o r ch emica l s as de s cr ibed in S e c t i o n 7.T h e f o l l o w i n g s e c t i ons p r o v i d e a greater u n d e r s t a n d i n g o f t h et e r m i n o l o g y pr e s en t ed in the t a b l e s . A f o r m a l g l o s s a r y of termsused in the text and t a b l e s of t h i s s e c t ion are p r e s e n t e d inA p p e n d i x D. All t a b l e s in t h i s s ec t ion may be f o u n d at the endo f t h e s e c t i o n , A r e f e r e n c e p a g e p r e c ed e s t h e t a b l e s ( P a g e 6 - 5 ) .
6 , 1 Meta . bo l_ i sm
M e t a b o l i s m i s d e f i n e d as botU l) the sum of the p i o c e s s e i ; bywhich a p a r t i c u l a r substance is h a n d l e d in the l i v i n g b o d y , and2) the chemical proc e s s e s in l i v i n g c e l l s by which energy i sp r o v i d e d for v i ta l proce s s e s and a c t i v i t i e s and new mater ia l isa s s i m i l a t e d to r e p a i r the waste p r o d u c t s o f these a c t i v i t i e s .In s h o r t , i t i s the proce s s by which one f o r m of energy ( e . g . ,f o o d ) i s m e t a b o l i z e d ( c h a n g e d ) t o another ( e . g . , A T P t o "power"musc l e c o n t r a c t i o n s ) .
The m e t a b o l i c proce s s tc which a given compound is s u b j e c t e dw i t h i n a given organi sm i n f l u e n c e s that c o m p o u n d ' s t o x i c o l o g i c a lp r o p e r t i e s . F o r ins tance , wh i l e certain microbes a r e p e r f e c t l yc a p a b l e o f d e g r a d i n g phenol and d e r i v i n g a l l o f the ir energyf r o m t h i s c o m p o u n d , ph eno l can be very tox i c in h igh concentra-t i on s to humans and h igher animal s because the only mechanism of" d e t o x i f i c a t i o n " i s removal through excretion. The chemicalsys t ems r e s p o n s i b l e for energy p r o d u c t i o n and t ran spor t inmicrob ia l sy s t ems a r e f r e q u e n t l y c o m p l e t e l y d i f f e r e n t thanequ iva l en t s y s t e m s in m u l t i c e l l u l a r organisms.
6 . 2 A c u t e T o x i c i t y
A c u t e t o x i c i t y is the term a p p l i e d to c ond i t i on s or c o m p l i c a -t i on s which arise imineuiar^ly a£ t e i e xpoaue e to a hazard . Exam-p l e s are the f o r m a t i o n of b l i n k e r s ami l e s i ons on skin that hasbeen expo s ed to s trong ac id s or caustic compounds . The anesthe-t i c e f f e c t o f c h l o r o f o r m i s an e x a m p l e o f an acute p r o p e r t y . Anyreact ion to a material or s i t u a t i o n that is immedia t e or occurs
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I

I
within hours or days of an exposure which is l i m i t e d to le s sthan 24 hours is considered an acute r e spons e to an acutee x p o s u r e s t i m u l u s .
A c u t e t o x i c i t y u s u a l l y i m p l i e s that the expo sure to a given com-pound was in the f o r m of a s i n g l e , o f t e n massive dose a l t h o u g h aseries of doses are sometimes given within a 24-hour per iod forc o m p o u n d s which are on ly s l i g h t l y tox ic ( C a s a r r e t t and D o u l l ,3 r d E d i t i o n 1 9 8 6 ) , Data f r o m "acute tests" g e n e r a l l y i n f o r m sthe reader of the a b i l i t y of a l i m i t e d dose and l i m i t e d exposureof a compound to n e g a t i v e l y i m p a c t a test p o p u l a t i o n .
&• 3 S u b c h r o n i c and s.ubacute T o x i c l t v
A s t h e term i m p l i e s , subchronic t o x i c i t y concerns t h e e f f e c t s o fa compound on an organi sm in dose s or time f r a m e s not immedia t e-l y dangerou s t o l i f e a n d h e a l t h . G e n e r a l l y , d a t a f r o m t h e acutet e s t s are used to derive dose e s t i m a t e s for chronic t e s t s . Someof the e x p e r i m e n t a l doses w i l l s t i l l be above chronic t o l erancel e v e l s , thereby r e su l t ing in premature death of test p o p u l a -t i ons . A n a l y s i s o f t h & organi sms po s t -mor t em a l l o w s e a r l y d e -t u c t i u u of tax"gct organs ( i . e . those organs which tend to con-centra t e or s u f f e r most f r o m a s p e c i f i c c o m p o u n d ) as we l l ase s t a b l i s h m e n t o f ear ly cumula t iv e e f f e c t s o f a c ompound.
The term subacute is f r e q u e n t l y used interchangeably with sub-chronic . A p a r t f r o m the f r a c t i o n a l l y lower dose s used in sub-chronic t e s t s , there is a lway s a control group in subchronict e s t s , in sur ing p r o p e r assessment o f e f f e c t s a s treatmentr e l a t e d . S u b c h r o n i c t e s t s are a l s o c l a s s i f i e d as such becausethe t ime span of the exper iment never exceeds the a n i m a l s 'normal l i f e span.
6.4 Chron i c T o x i c i t v
The m a j o r d i f f e r e n c e between subchronic and chronic t o x i c i t y i sthe d u r a t i o n and concentra t ion of exposure . Chronic t o x i c i t yu s u a l l y r e f e r s to low l e v e l s of t ox ins that act over an entirel i f e t i m e , f r e q u e n t l y caus ing c o m p l i c a t i o n s ether than dea thi t s e l f . C e r t a i n other t e s t s , such a s f or c a r c i n o g e n i c i t y , etc.are chronic by d e f i n i t i o n , and are d i s cu s s ed in S e c t i o n 6.5.
The abuse of a l coho l over a l i f e t i m e is a c l a s s i c e x a m p l e of anexposure with chronic c o m p l i c a t i o n s . H y p e r t r o p h y of the 1 iverand subsequent impairment of hepat ic enzymes ate w & l l knowns y m p t o m s o f chronic a l c o h o l i s m . S i m i l a r l y , e xpo sure t o sublu™thai dose s of a compound over a l i f e t i m e ( i e . b r e a t h i n g ofso lvent f u m e s in the w o r k p l a c e ) can have serious, a l b e i t non-l e t h a l o r very s l o w l y l e t h a l , e f f e c t s .
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6.5 Summary o f T o x i c .Proper t i e s
As ment ioned p r e v i o u s l y , t e s t s f o r c a r c i n o g e n i c i t y and mutageni-c i t y are, by d e f i n i t i o n , chronic t e s t s . If a compound i s to bec l a s s i f i e d as car c inogen i c , it must be c a p a b l e of caus ing cancer( i . e . p r o d u c i n g a tumoregenic or " n e o p l a s t i c " growth o f t i s s u e )p r i o r to k i l l i n g the host. I n d e e d , some compounds which haveacute t o x i c i t i e s at high c onc en tra t i on s are carcinogenic at lowconcen tra t i on s ( e . g . benzene, c h l o r o f o r m , l e a d , chromium, e t c . ) .T h e r e are a l s o some c ompound s whose car c inogen i c i ty has not beens u c c e s s f u l l y d e t e rmined because they are so a c u t e l y t o x i c that achronic expo sure level has never been f o u n d .
If a compound a l t e r s h e r i t a b l e t r a i t s between g enera t i on s - a so p p o s e d to caus ing tumors in the e xpo s ed organi sm - it is con-s i d e r e d m u t a g e n i c . C a r c i n o g e n i c i t y is e xper i enced by the organ-ism e x p o s e d , w h i l e m u t a g e n i c i t y i s e xper i enc ed by the p r o g e n y ofthe e x p o s e d organism. It should be noted here that it is p o s s i -ble for f e t u s e s "in utero" to d e v e l o p cancer due to t r a n s p l a -cental m i g r a t i o n of c ompound s encountered by the mother. T h i sis c a r c i n o g e n i c b ehavior , not au tagenic .
T e r a t o g e n i c i t y s p e c i f i c a l l y addre s s e s t h e a b i l i t y o f a compoundto d i s r u p t the normal pro c e s s e s o f embryonic d e v e l o p m e n t . Ab-sence of l imbs or m a l f o r m a t i o n of b o d i l y p a r t s are both e x a m p l e sof t e r a t o g e n i c a c t i v i t y , such as those caused by t h a l i d o m i d e .
In some cases, however, a compound w i l l cause s t i l l b i r t h ors p o n t a n e o u s abor t i on o f t h e f e t u s . T h i s i s t e c h n i c a l l y cons id-ered d e v e l o p m e n t a l t o x i c i t y , rather than t e r a t o g e n i c i t y , sincet h e compound d i r e c t l y a f f e c t e d t h e v i a b i l i t y o f t h e f e t u s ( a c u t eor s u b a c u t e ) , and d id no t s i m p l y d e f o r m i t (chron i c e f f e c t ) .
Other e f f e c t s r e s u l t i n g f r o m exposure t o ch emica l s ar e a l s op o s s i b l e , i n c l u d i n g s u p p r e s s i o n o f t h e immune system ( c a u s i n gs u s c e p t i b i l i t y to other de l e t er ious a g e n t s ) , a l l e r g i c reactions( t h e r eac t ion o f most v i c t ims to the neurotox in i n j e c t e d by f o r -raicine ants i s an e x c e l l e n t e x a m p l e ) , n e u r o t o x i c i t y ( i n t e r f e r -ence of s y n a p t i c t ran smi s s i on s or d e s t r u c t i o n of nervous t i s sue sd i r e c t l y ) , and s e l e c t i v e t o x i c i t y to s p e c i f i c organs o f a bodysy s t em ( g e n e r a l l y in th e l i v e r , k idneys and l u n g s ) . T h e s e e f -f e c t s are l i s t e d in T a b l e s 6-1 through 6-4 for each s p e c i f i cc o m p o u n d , and need not be d e t a i l e d here.
6 . 6 K o n - H u m a n E f f e c t s and. Environmental I m p a i r m e n t
W h i l e most s t a n d a r d s are based upon p r o t e c t i o n of human h e a l t ha n d l i f e , t h e p o t e n t i a l f o r i m p a c t i n g non-human target sp e c i e sand g e n e r a l l y d e t r i m e n t a l environmental e f f e c t s a l s o shou ld b e
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I
c o n s i d e r e d . The b i o c onc en t ra t i on o f certain heavy m e t a l s ing r a s s l a n d v e g e t a t i o n and subsequent i n g e s t i o n by herbivores isan e x c e l l e n t e x a m p l e o f th e f o r m e r . F o r m a t i o n o f hydrocarbons l i c k s and f o a m s in s u r f a c e water i m p o u n d m e n t s , and subsequentc o n t a m i n a t i o n of both avian and p i s c i n e l i f e f o r m s i s an e x a m p l eo f th e l a t t e r .
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( E P A - 5 4 0 )

R E F E R E N C E S F O R S E C T I O N 6 T A B L E S

W a t e r Q u a l i t y Cri t e r ia f o r S p e c i f i c M a t e r i a l s ( T e x a sP r o p o s e d l i s t f o r p r o t e c t i o n o f aquat i c s p e c i e s ) .Copy received f r o m Region 6 EPA November 20, 1987,
R a t c l i f f , L. S e p t e m b e r 18 , 1987. R i s k - S p e c i f i cDoses ( R S D S ) , R e f e r e n c e Doses ( R F D s ) a n d D r i n k i n gW a t e r S t a n d a r d s f o r A p p e n d i x I X Cons t i t u en t s .H e a l t h Ass e s sment S e c t i o n , T e c h n i c a l Branch, C h a r -ac t er iza t ion and Assessment Divi s i on s , o f f i c e o fS o l i d W a s t e U . S . E P A .

E P A 4 4 0 / S - 8 0 - 6 7 , October 1980. A m b i e n t W a t e r Q u a l i t yC r i t e r i a f o r P h t h a l a t e Esters.
E P A 5 4 0 / 1 - 8 6 / 0 6 0 , OctoberH e a l t h E v a l u a t i o n M a n u a l . 1986. S u p e r f u n d P u b l i cO S W R Dire c t i on 9285.4-1.

( L ) : L e d e r e r , w . , 1985. R e g u l a t o r y chemical-^ .o_fE n y l r o n m . e r i + ' a l Concern. Van N o s t r a n d - Reirhold CompanyI n c . , N e w Y o r k , N e w Y o r k .
( K ) : E P A , ( D r a f t ) . Ambient A q u a t i c W a t e r Q u a l i t y cr i t er ia f o rA l u m i n u m .
( S a x ) : S a x , N . I . , 1984. Dangerous P r o p e r t i e s o f I n d u s t r i a lC h e m i c a l s , 6 th ed . Van N o s t r a n d R e i n h o l d Co . 3124 pp .
( T ) : K l a s s s e n , C . D . , M . o . A m d u r , a n d J , D o u l l ( e d s . ) / 1986.C a s a r a t t - a n d D o u l l ' s . T o x i c o l o g y / M a c m i l l a n P u b l i s h i n gC o m p a n y , N e w Y o r k , 9 7 4 p p .
( T L V ) : A m e r i c a n C o n f e r e n c e o f Governmenta l I n d u s t r i a l H y g i e n -i s t s ( A C G H I ) , 1987. T h r e s h o l d L i m i t V a l u e s a n d Bio-l o g i c a l Expo sure I n d i c e s f o r 1987-1988. C i n c i n n a t i ,Ohio.
( V )

( W )

Vers chueren , K . , 1983.o.n organic Chemica l s . ° - £ Environmenta l _ D a t a2nd ed. Van N o s t r a n d - ReinholdC o m p a n y . N e w Y o r k . 1310 p p .
W a t e r Q u a l i t y C r i t e r i a Summary. C o p y received f r o m R e g i o n6 EPA November 20, 1987.

See T a b l e 6-5 for terms and abbreviations used in T a b l e s 6-1through 6-4. See A p p e n d i x D for g l o s s a r y of terms and expo sureas sumpt ions . ; : :T
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I B tOtO , f c n g p g 2 0 2 m ^ / k g 0 O 5 mgvms cr*6i g - C f » 6 - T D L O f w n h a m s m g / k g ' . s d a y s p r e g n a n t )i p icto ttii f t a m t t o u g / m s

^ T o x i c , t y c a t e g o f y . w c / ' p c
j | r D e s c r i p t i o n o f P r i m a r y wodp o t l o x i c i t y
S = cr»6 a c u t e e f f e c t s a r e n a s a t i r r i t a t i o n .K E - a n d b r o n c h i t i s : c n r o n i c e f t e c l i a r e l u n gi|| 5 t u m o r s and cancer s E x p o s u r e can cause
H| _L . . .cancer of the r e s p i r a t o r y t r a c t

M f t
AK
AhC
A W C

A W C

A W C

A W C
A W C
A H C
A W C

A T :
A t C

A..C

A"C

A . J C
A ' - J C
A ' / C

Non-car c i n o c j c n t c ( N C I P o t e n t i a l c « f c i n i o g « c i i c ( i o - 6 ( t u f t icv«U w e t
E f * A f P A

S e v e r i l y c a f c i n o f ^ n i iHuman t t e a ! t h R a t i n g H u n M i t v r « a f t r u C l a s s
o 01 mg/( o r a l - 10 AWC • HJO » Ofg NA o c a ! • NA- M i o * O f g 1 0 ua^i i n t - a A W C - H 2 O N A i n i • H I- H 2 O 1 0 u g / f A W C • O f g N A- or 9 , NA

A q u a t t c i t ( «
- F W ( a c u t e ) . 3 9 u f l ^ t
• f w c c n r o n t c j i i u g y l- sw c a c u t e ) . 43 ug^(
- S w ( c t i f O F H C > . 9 1 . ! u g / l

T e x a s p r o p o s e d
- F W C a c t ; t e > " e ( l I 2 9 [ l n i f h a r d n e s s ) I - 1 & 7 ? 4 t
- F W c c n r o t i i c ) e ( 0 7 8 5 2 [ t n ' < h a f c t n e s s > J - 3 4901
- s w ( a c u t e > 4 5 & 2 u g / t
- sw ( c t v r o n t o 10 02 ug/l

f c P A H ' A
S e v e t ; t y O f * u u h j v i t i iH u m a n n e a H h R a t i n g Human K e a l t t i . ( , . ( J i i

0 05 mg/i o r a l • PJA AWC - M;O * Otfl C r * 3 • uu r o c / t s»^l - NA
M 2 O * O f g , N A t f t f - S A W C - M 2 O C f ' 6 • S O U f l / 1 i l l ! • A
H 2 O . N A A W C - M 2 Q C f * 3 - 1 7 9 m g / l
o r g N A A W C • O t g : C t * 6 • N AA W C • O r g o t * 3 • J 4 1 3 m v r / i

A q u a f i c t i f e
t w c a e u t e i I / m f l ' / t C t * a . .014 m f l / l c ? » «
f w ( c h f o n i i O 0 . 2 m g / t c r»3 . o & n r a a / [ c r * &s w ( a c u t e ) 10,300 mgyi cr+3. t . i o o u g / t c t * &
s w ( c h c o n i c ) 5 0 u g / t C f * 6

T e x a s P f o p o s e d
• F W ( a c u t e j : e c o & i 9 ' 0 [ i r * ( h a r d n e s s U * 3 & a a l c r * 3 . i & ug^i c»*a• f v r c c t i r o n i c ) e ( o . a i 9 0 [ f n ( r t a t d r v e s s > t » t s e i i C f - l . 1 1 u f l / l C t - 6
• S« ( a c u t e ) : NA ct *3. i . too ug/r Cf *&

S w c c n r o r n c ) N A C r * l . 5 0 u 9 / " l C r * 6
i e e T a t > i a ^ J S - 5 . K e v t o A b n r e v i a l t o n s 0 1 1 3 0 0



T A B L E 6 - 1 E C O t s t '

T O X I c o f o j M c a t f * t o t > « f t i m i a n d A v a i l f t f t l a i x u v f H u t * r ; u t * P i f e
a t s t w n d a n D I s p o s a f s e r v i c e s t t *

w a t e r Q u a 1 1 t y c c t l e r l a C C T . w . i . K , t P A - M O t . t e » A - 5 4 s »
C o n s t i t u e n t ( S a x . T . K i ( t t v . i f

Route o; r y p e o f
Cuppei ' e x p o s u r e R e c e p t o r concent rat ton itv- rtvA

T O L D o r a l t a t i S 2 m g / K g ( 2 2 w K Q 2 m g / m a t f u m e )
p r e g n a n t ) 1 m g - / m 3 ( d u s t )

S T F tTDiO o r a f h a m U Q m g / ' k g • ----
2 t a g / m i ( d u s t )' ( g a s t r o i c t t e s t m a t e f f e c t s ) O S H A

0 i mg Ani ( f u m e )
T o x i c i t y C a t e g o r y ; N CD e s c r i p t i o n o f P r i m a r y Mode o f r c i c t c i l y ;
A c u t e e f f e c t s ( c o m i n g e s t i n gex c e s s iv e amounts o f c oppe t u a l t im a y p T u d u c e d e a t n

Route: Of T y p e Of( r on E x p o s o r e R-'cep t or concert i t & E t on Tt v - ?WA
t r o r t ( f ' t Q x t d e 5 mgYms ( o x i d e )

LDLO * t t j a o g 3 0 r o g / k g 2 m g / t n s ( s o f u b t e s a t t s )
I tOSt S l U i O S H A

10 m g A n i (ox me t u m e )
T o x t ^ i t c a t e g o r y . N C

O e s C f i p . t o f l o f P t i m a f y wade o f T o x t t i l y ;
i r o n o<:ide e x p o s u r e cart causes c t e r o t i c lung d i s e a s e A C u t e
t o x i c i ' t f s y m p t o m s a r e w o m t t i n g .t t v e r damage a n d c o a g u l a t i o n d e f e c t s

N o n - c a t c

Hunwn I ' f t s a i t h

A « C - M J O * O r g .
f-HC • H2O. • IA.fC - Org

•Or g a r v o l e p t i c
A Q u a 1 1 c

t-'fr.
A ' n - ;
FfK~

AWC
AW -

MCt :
A W C
A W C
A W C

A W C
A W C
A W C
A W C

..we
•WC

t n o g e n t c f N C ) P o t e n t t a i C a r c i n o ^ c r u c U O - 6 « * s k o e w « H < ! H ; 1
F P A i P \S e v e r i ty < di t t nog en it

R a t * n g t i u m a f t t t e < t U n c t a ' ^ s
NA o r a l • 5 AWC - M20 » Org NA o r a l • 6.
N A i t l f • 5 A W C - H 2 O " N A f f l t ' t
m g / r A W C • O r g N A
NA

L i te
- f w . ( a c u t e ) v a u g / l 1

- F W ( c n c o n i c ) : 1 2 u g / l- sw ( a c u t e ) : 2 9 ug/l
- sw ( c h r o n i c t . 2 9 og/I

r e i c a s P r o p o s e d
- F w ( a c u t e )
- F W ( c r . r o n t c :
• Sw ( a c u t e ) .• sw ( c h r o n i c ) .

t iuraan H e a d l i t
0

- HiO * Ot g .
- H2O
- Org

e(o 9 i 4 2 2 [ ( n ( l w f d i n « s s > t - 1 38 4 41
e(0 , 8 5 < 5 f f n c n a c O n e s s > J - i 306 >
4 J 7 u g / l
4 3 7 U f f / 1

f c P A S P A
S e w e r H y t ' ^ t « i n o i n * n i iR « t ( { \ g hRiiaan t t A d M f ) t - l « s i

. 3 m g / ' f o r a l • N A A W C - H I O - O r g N A o r a l • e
N A I t l f - N A A W C • H 2 Q : m ( h i • f r
N A A W C - O r g . N A
N A

i ( e
- F W ( a c u t e ) . taoo u g / l
- FW t c h r o n i c ) ' : NA- sw ( a c u t e ) NA• sw ( c h r o n i c ) NA

l i c s a s P r o p o s e d
- F W ( a c u t e *
- f W ( c h r o n i c ) -- sw ( a c u t e )
- sw ( c h r o t i u )

N A
N A
N ' A
N A

S e e l i t f i j j e 0 - 5 , K e y C n A t » t > c e v i a t t o n s 0 1 1 3 0 1
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T o x f c o [ o g . i c a l P r o p e r t i e s a n d A v a i l a b l e F x p o s u r e C r i t e r i a f o r
D e t e c t e d w e t a t s a t s t i e r e d a n D i s p o s a l S e r v i c e S i l t

i
m'•i™1 iHmHmBaS
IEBi
IUI ag$i§ ! i
i!1f III» iI P

£&

T O S I c o t O Q i c a l 1 D a t a P e r m i i i i O l e A i r f x p m u r ec o n s t i i u e n t ( S a x . T . K ) c u v . i )

L e a d E x p o i t s ' a R e c e p t o r C o n c e n t r a t i o n H V - I W A
L D L O - E M t a t tooo m g / f c g 0 i > 5 m g / r f O O n o - r g a n i c
LDLO nv ham 50 m g / k g (a d a y s O u s t and t u m e s )T D L O o c a w m n p r e g r i a n S T E L•V50 mg/Kg / 6 yr - -- -

o 45 m g / " ( n i t m o t g a n i cd u s l a n d f u m e s >
T O K i c * t y c a t e g o r y ; N COescr p t on o f Pr unary Mode o f T o x i c i t y
i m p a i r s a r t t f f t o d y - m e d i a t e d h o s tr e s i s t a n c e w t t h e K p o s u r e t h e

c o n c e ' f i s a t e p e r i p h e r a l n e u r o p a t h y
^ a n d / o r c f i r o n i c n e p h r o p a t h v . T a r g e t
, _ , o r g a n s a r e t h e g a s t r o t n t e s t t n a l a n dO ' . r e p r o d u c t i v e s y s t e m s

R o u t e O f T y p e O f
f Magne s ium t x p o s y r e R e c e p t o r conceotcat i o n T E V - T W A
[ L D L O o r a l d o g 2 1 0 m g ' k g 1 0 m g / ' m j c o x t d e f u m e )1 OSMA
^

• 1 5 mg /(H'3 C ox i de f ume >
:

;
1 l o x t c t t v c a t e g o r v . N CD e s c r i s . l t o n o t P r e m a t y wode o f T o x i c t E V

H E g - P f t u i c s e i t m f i e a s e o t r t tn-s s k i n c a n
e g H p r o d u c e ga s e ou s b l e f t s w i t h a
H I g r p r o t r a c t e d course i n h a l a t i o n o (
M p the oust and i t r r U n t f u m e s cartS || cause m e t a l l ume f e v e r

W d t e r Q t i a l i t y c r t t e r r a C C T . w . l . K . ( ( ' A - I W . I . t f A - S f l O )
N o n - C a r c t n o g e n i c C N C ) P O t e n t t a t C a r c i n o g e n i c < l o - 8 f t i s k l e w e i l < p c i

E R A £ P As ever i t y t ' , a r c u u j g « i u i
m m a t f H e a l t t i R a i t i n g H u m a n t t e a l t f t c l a s s

MCt : 0 05 mgvl o r a l - io> AWC - mo » Org NA o f i i • £AWC - MiO * Orj f s o u< j / l i h l • 10 AWC - H20 NA i ( > ( • f
AWC - M20 5C ugtfl AWC - Or 3 NA
A V - C - O t g N A

A q u a U c t i E e
A r c - f - w ( a c u t e ) 8 J u g / l
A V - C F W ( c h r o n i c ) J 2 w g / 1
A«C sw ( c r l [ o n i c ^ s .6 u g / t

T e x a s P r o p o s e d
A « ; - F W ( a c u t e * e d 2 ? 3 [ i r * C h a r d n e s s ) I - 1 4601w e - f t v ( c h r o n i c ) e n 2 7 j ( ! n C t i a r d n e s s } | • * ? o s )
A i r c • s w ( a c u t e ) 1 4 & u g / l
AWC - sw ( c h r o n * c > 5 6 u g / l

E P A ( I ' Asevec i t y c a t c i n o f r e o uHuman n e a t t h R a t i n g Human H e a l t h c l a s s
M O ' N * . o r a f • N A A W C • H 2 O * O f f l N 1 * O f A l * t
A H C - H i O * O r g N A I t t l " N A A W C - H 2 G N A i h l • IA K : - H Z O N A A W C - O t g N A
A V f C • O f f l N A

A q u a t tc ii i re
!•««. * w ( a c u t e ) N AA > * - t w ( c h r o n t i ) N *
AWC - s*f ( a c u t e * NAA W C - s w ( c h i o n i c ) N A

T e x a s P r o p o s e d
A W C - f - w ( a c u t e ) N AA W C - f w ( c h r o n ( c j N A
A W C - s w ( a c u t e > N AAWC - sw ( c h r o n i c l NAS f t e t a b l e s-5. K e y i c A b b r e v i a t i o n s
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r o K f e o t o g l c « ( t ' r o p f f i f t [ * * a n d i w a f l a t i ! * f x p p s i f ' f i * * r g { * H f t

( j p t e t t c d M e l a l i a t s h e r t d a n D i s p o s a l s e r v i c e S i t e
w a t e r Quat i £y cr t Eer la <cr. w. i . K, E.PA-MCI .

i o x i c o t o g t e a t oasa p e c B u s i i o c e M F t x p o s u t ec o n s t i t t t e n i ( s a x . T . c c > t u v , t )

aoute Of T y p e Of«angatte s e e x p o s t r a R e c e p t o r c o n c e n t r a t i o n H V - T W A
rcto t t v t m a n 2300 013/013 t m g / m j c f u m e )
T D t O i m s r a t « o o m 0 / k g j / y - ( t t 5 e s m

3 m g / m 3 ( f u m e )
O S H A

cei: l ing • 5 m g / m i
T o x t c i t v C a t e g o r y : N C
D e s c n p J r o n o f P r i m a r y Mode o C T o x e c i t y :
S y m p t c . T f S l a n g u o r , s t e e p f n e s s .
w e a k n n s i e m o t i o n a l d i s t u r b a n c e .
s p a s l c ^ a i t p a r a t y s i s . c a n causemangat i e s* p n e u m o n i a . A c u t e e f f e c t
i s a c u t e p n e u m o n i a , o f t e n f a t a l ar>dc h r o n i c e f f e c t r s r e c u r r e n t

pne' t tnon i \

"Route 0» T y p e ofN i c k e l . f K p o f u r e R e c e p t o r c o n c e n E r a t t o n T L V - T W A
TDtO ;*ra r a t t s a m g y k g ) m g / m l ( f n e ( a f >

, : t £ K O s F t f g p g u s r n g / k j o . J m g / m l ( s o f u b l e c o m p o u n d s )
. = " . - ' t D t O f x a 9 D 9 S m g / k g S F E C

tOtO ivn mus 50 mg/Kg - - - -
o 3 m g / m 3 ( s o l u b l e c o m p o u n d s )

O S H A

..-.-.- i m g / m s { sot u b t e c o m p o u n d s J
" T o x i c r t v C a t e g o r y : P C / N C
D e s c r i p t i o n o f P r i m a r y wode & f T o x t c n y .
A c u t e e f f e c t ( s p u l m o n a r y ed ema, a n dc F i r o n i c e f f e c t i s squamoui c e t f
causes l - m g and n a s a l cancer

M C L
AWC

AWC
AWC

A W C
A W C

AWC

A W C
A W C
AWC
A W C

M( L

A ' l C

MC
A V C

A f C

A W C

w o n - c a r . ' : i nog«n i c ( N C ) p o t e n t i a l C a r c t o o g e n i c ( t o - e R f s k t e v e f > ( P C )
E P A f f ' A

Sever t [ y C a r c i n o g e n i c
H u m a n H e a l t h R a t i n g H t i m a r r oeal ( h C B a ^ s

: 0 05 m$^l o r a l • NAAWC - HIO * org NA o r a t • t
• H Z O * O f f f 5 0 u g / l I h l - N A A W C - H Z O N A i h f • f
- H 2 O . N A A W C - O f 9 ' N A- o r g 1 0 0 u g / i

A q u a t ic t t Ce
• [ W ( a c u t e ) . N A
- F W ( c t i r o n i c ) N A
- sw ( c h r o n i c ) : NA

T e x a s P r o p o s e d
- F C ( a c u t e ) ; N A
- E W ( c h r o n i c ) N A
- S W ( a c u l e ) : N A
• S w ( c h r o n i c ) N A

E R A E C A
S e v e r « t y c a r c i n o y e n t c

H u m a n H e a l 1 t h R a t i n g H u m a n H e a l E H C f a s s
o 632 mg /l o r a l « t o AWC - H20 * Grg NA oral • A

M ? O * O r g : i 3 4 u g / l i t i t « l O A W C - H 2 O N A i f i l • A
H20: 13 4 ug/t AWC - Org NA
O r g 1 o> i m g / l

A q c r a t ic 1 i (e
• f w ( a c u l e ) t 4 Q G u < j / l
• f -w ( c h r o n i c ) : 160 ug/F
- s w ( a c u t e ) 7 5 u g / i
- s w < c h r o n t c ) 8 3 u g / f

T e x a s p r o p O ' s e d
• F W ( a c u t e ) . e ( 0 ' . 8 4 6 0 [ l n ( f > a r a n e s s ) t » 3 5 6 t J j• F W ( c h r o n i c ) e ( o 8 - t 6 0 [ l t i ( f i a r d r i e s s H * i t 6 4 & )
• sw ( a c u t e ) . H9 u g / l- sw ( c h r o n i c ) u 2 « g / ls e e T a b l e 6 - 5 . K e y t o A b b r e v i a t i o n *
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l e x i c o l o g i c a l p f o p e t t ' f f * a m i A v a i l a b l e f r x f t o i u i e c r i t e r i a r o t

M t i l a l i s a * - > h e r ! d a n D i s p o s a l s e r v i c e s i t e

c o n s t i t u e n t ( S a x . T , K ) ( n v , i >

R O Q l f t Cf T y p e Of
S i l v e r e x p o s u r e R e c e p t o r . c o n c e n t r a t i o n - - T I V - T W A

T C t O ( H I h m n t m g / m 3 • o - . t m g / m J ( m e t a l ) 1

T D L O i m p m u s i t g m / k g a . o t m g / ' c n i ( s o l u b l e c o m p o u n d s )
« s k i n e f f e c t e d

[ O K t c i t y c a t e g o r y N CD e s c r i p t i o n o f p r i m a r y «ode o f r o x f e t t v
M a j o r e f f e e t o f e x c e s s i v e a b s o r p t i o n
i s l o c a l or general i zed n a p r e g n a i i on
o f ( b e ( i s s u e s where i f r e m a i n s a s

: s t l v t r i t / t t i e J e . w h i c h f o r m s a n
i n s o l u b l e c o m p l e x i n e l a s t i c f i b e c sr e s t i l t i n g i n a r g y p t a .

' R o u t e Of T y p e Of
vanadium ; e xpo sure R e c e p t o r concent r a t i o n T L V - T V Y A

D u s t ; i r > 5 Q ' d L t r a t t o n i g / K g o , 0 5 m g / m j
• t D L O t ^ n r b t 1 0 m g / k g ( r e s p i r a b l e d u s t * f u m e >tc io i h i r a t 7 0 m g / m i / 2 h r

T C t O t h h m n 3 4 6 m g / m 3 *
" p u s t n c m a r y s y s t e m e f f e e t s

T o x i c i t v C a t e g o r y N C
D e s c r i p t i o n o f p t t m a r y Mode o f i c w c i c H v :
A c u f i e ^ t e c t i s u p p e r a i r w a y i r r i t a t i o nand t o u i T i i s p r o d u c t ton w n s l e [he chronic
e f f e : t i s c h t o n i c b r o n c h r t i s - M a t n l y
e t f e r t s r e s p i r a t o r y t r a c t . M a y cau s e
ga s t - o n i c e s t i n a l d i s i c e s s . nausea and
k i d n i y l a m a g e

N o n - c - a t t - t r t o s e r v i c C N C > p o t e n t t a t C a r c i n o g e n i c ( 1 0 - 0 R i s K t e v e l ) ( t - c >
f P A f P A

Sever 1 ty c a r c i n o g e n i c
H u m a n n e a d h R a t i n g H u m a n neat t t > C f a s s

MCt : o . o s mg/[ o r a t • i AWC - HJO » Org NA o i a t • 6
A ' v c . - m o * O r g - s o u g / l i h i • i A W C - H 2 0 : N A i t i t • t
KV. • H2Q. NA AWC - O r g : NA
A*C - Or g . NA

A q u a t i f i i f e
A V C ; - F W ( a c u t e ) ; 4 . 1 u g / f
A « , - F W ( c h r o n i c ) . 0 1 2 u g / ' l
A V < - s w ( a c u t e ) : 2 . 3 t i g / I
A * , - s w ( c h r o n i c ) . N A

t e x a s p r o p o s e d
A W C - F W ( a c u t e ) . e ( l . 7 2 t t n ( h a r d n e s s ) I - 6 . 5 2 )
A W C - F W ( c h r o n i c ) : 0 . 1 2 u g / l
A W C ( a c u t e ) : 2 3 u g i / f
A W C - S w ( c h r o n i c ) - . N A

( P A F f A
S e v e r i t y c a r c i n o f l e i n cHuman H e a t i n R a t i n g Human neat t n . C l a s s
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c -aa u3 C° 2c -£IX Q
—— l»
« =— C
*• «T JC CO 4

2 2
«- fl- s" S **« 3
*i — d"3 r» 5J 5 «

6-17



Q k c : * ! C f u g u m l « i * i ' i [ ) • . W i t U C ' t c E i p o t u r f C f U i f ' l a a t
v o l u m e O c ; i ' * n i v s d C S t i e t K U n O t l o o s*! s e t v u e i i t e

Xlttt Q i u H I y f C r i t e M * a . . C F . w t

OV!KCO

e n t o r t d o
t y p e

tarn om tut t

L D S O O f i l
L D I O < f ( 4 lLes t* mt
T C I O I f l i

t a t
dog
•us
turn

»r mrtoj o o o n i g / K g
i4«oo POM/? rvt

joo & p « / B t tr *
c f t e c t s

v ca i eoo ty: P C / N C
o( f t m a r y xnde at

Vfty d*n5«ious (» tn e eyes i n d u c e s
f w t e a s I s C a n cause < M ( n a t i t l i ucon
& f t P O R a e i l 1 s k i n c o n t a c t .

M(
t tvi ti

(tv - IWA « 100 worn
360 n o / m i

Sm . loo pon
(700 T C / H

os*w • loo p p m / » (it
c e t n n o • (Qoa p p n
f r e a k » 2000 p p n / S f f i l f l S

I n a n y Z h r t

M P * ! t t l

A W C - * « ' * • O t £ t N * i l l

AK - * j N«

* Q U 4 t t c L i t e •

A W C * F * c a c u t e ) i t o o o U 9 / I
A W C • F W c c n r o n f c r N A
AWC - 5' (acute)' (2.000 wi
A W C - s t v [ c h t o n i c i a.400 u g / b

A W C - F I T c * c u t e » N A
A W C • f i r i c h t o n f c i : I S H
\wc - S* ( i c u t e i N*
AWC • 5* ( ihron t c* . N*

l t f t - n a

ec*
I » 4 S 4

AWC - M2O
A W C • O f f t

0 iq< 1191/1
o «9 tig"11

f S . 7 w g ' i

w e t t i y l e t h y l
of

1010 or*t
t O S O sun
t c t c j i n i
K i O « f l l

f i t
f & t
n;
hmn

c o t v e e n t f a e i o n

ZOOO p p m / 4 H V P
1 0 0 p D f f l / 5 U l n

RV - rw* - 2000P"

neat t f v
met :
AWC - t.~3 » 0(9'

to AWC - mo
HO AWC • MM

AWC • 0(8

M » * l 6 n

O f f l : t > M
NA
MA

• t ' c i u t t i e f f e c t s
" a i c t i I D ) - C a t - o u t y N C
l-ssc t p t i o f i a t P t l n a t y M n d e o ( r & i c i c U y

A f f e c t s p e r t p n e r a ! n c r w s u s s y f t e m * n d
cenccal nervous j y s t e n Cir\
l H e eyes

AIVC • i** t a c u t e f PM
A W C t * I C t l E C H T l t ) M A
AWC • sw ( j c u t e i MA
A W C S I T ( c h r o n i c ) : N A

see l ab t* 6*« lot key i*

A « C f « f U c u l e l
A*C tw f c t i r o n i c ^ -
« w c S i r ( i C u T e J
A*C :.<r ( e n r o n t c i

0 1 1 3 1 0



[ * B U a 2 ( t u n e ' 3 t

i t f t m i r t f t ' l *ttt( K S i a l l « ( i l » t K p u M i i I P < t i l « [ l » f i n
D e t e c t e d w l f t t t l c a r < j a r m s a t S h e t l O t n O U p o t a t S c t v t t - s t t r

K - K j ' t e o t t y p e O f
4 - w e t U i . I Z-?ent*(TO«e t P - a . J f e R e c e n t * ' t t U K m i t l d t i o n

L O l O f t c a f n u s J 5 S O n g i ' k g
K50 in i BUS UJJOQ 1 wg^i i t j
f C L O [ f i t hnvt Z O O p o m '

' U t i u n t e l t e t t j ( s t f t t e n t c i
l o x l ' C l t K C a t eao* y N t

O C i c c l O t l W V t t l P f t n a t y o f
* tHin i d f f l e v e i r t t t i f f t t t f i g n
t r t t f * p e r K o n e a ! . w o f l e t a t e u r a l
t n l u t a c l o n <«o<terate v t a o r a l
t n M C a t t o n r o i r t e i i n t f n l . g n I r e
to- eyes and MICOUS « * e m c r a f i ( ; 5

P e t i t i s r d l e A i r M o o s u f *
(iwi L t

UW • DW1 * SO PS
aos IT

sici • rs ppni
3 0 Q j n Q / m l

OS(K « 100 p p * 1

4 lO n u / m l

t f i i f f t i * ( t e«»*-«c»
P U C e f t t l t t

AW(. - tWO * 0( 0
*̂C • t^iC

\m: • UrQ

A IK • tt {tcate* p«
Awe • ** c e h r o n l c t ' W
il«C - ' . ^ ( A C U t e l N f .
A«C - iw c c n f o o l c t t*

tt**
seven t y

A W C
A W C

( A C i f t e *
C t h r o n l ' C t

A*fC • tBO
AK • Or«

t tS » « t l s n t e w t

! * ' »
( * t c i i M

A H f C • * « • U T i r o n l C I '

I c " r a c t t i O i C d e C B v t e n e
t-oi ie of
E x p o s u r e

I D M o r « f
' Q 5 0 O f I t
iOlO o r a l
T C L O I t i l

t y p e of
R e c f p t o r

M i i
f i t
dag
san

C o n c e n t r a t i o n
• I » » A «
i S 5 U I H Q / K 9
4000 n>9/ t .g
6 0 0 p p m / I O r a t

ti w •
irn

•cen tra l f t e r v o u s sy s t em e f f e c t s
C A i e g a t y : N C ' P C

E v e t c r i f r t l o n o t P t t o a r ^ mode o t f O K t c t t v

MJ( corcoslve or dari^toustv a c u t e l y
s e a i t l v * . o u t t & K l c B y i n h d U t l o n .
b" p r o l o n g e d or t e D c a t e d c o n t a c t
»i^ j t t n or mucous w i K i r a F i e ! or
w i i t f i I c t f t e s t e d Dv m o u t f t Sy rap t o IBS a t
acwie t n f o x t c o t l ' o n a r e I t : e f f t t t i
uooT' the nervous s t - j c s * can cause
d e r m a t i t i s w < t h F e o e l t e d 1 a t p r o l o n g e d
con.act w / j K i n

iw* « so DP»
215 105 ^

100 o p m / a rtr
c e l l i n g • z o o p o m
pe^K • l o o p p m / l * f n s

tn any 3 nrs

wee , N\ o r i t
AWC - M70 * Org ^ I til
APC • mo NA
A « C • O f f f N A

A Q t i i d c t i f e

AWC • f f f » t w t t r 5230 u g V U
A W C - f v r i c r i f o n i c ) s < Q u g c t
A * C • S W J f t C t i l P ) ; B0200 o g i f l
AWC - S* ( C h t o n t e ) . «5O ug^l

T e x a s Ptocn>i«d

A*C • *w l a c w t e f c 1 i^
AWC - fw f c f t r o c i f c t . MA
AWC - sw ( a c u t e i SA
AHC • "g ( C d r o n t O . N*

7 HWC-KJO-OT 9 o & u^ ' t «K*I • t t i
10 AWC - tOO : 0 tt» Uft/C ( t i l » B2

AWC - o t f f l . s a s u s/ i

e-5 l»r' key to 0 1 1 3 1 1



U t t f t d t W l H f l * f i d t v u t l i « t > f r U D O W f l ( C U e r i * ( O f
v o l a t i l e a i g t n l c i t l S h e : l & * n OUoout S e c u i c e S i t e

conn iimeat
T a x t c o f o a i c a t f o » t * m w l t s t f t i * k i t t u p o i w r *

uvi , it 1 10 * f t i h t*v«l i

f c o u E e Ol t y p e at

ICOO

I D S ) oral
L C L t i I t t l
t ; s - i h i
I T Q t t t l

•OS

tit
t a t
M I S
wan
e l f e c t s

c a t e g o r y - NC
o f P t l m a r y

SOOQ n 4 / K 9
400O Opm/4 tif
1 3 . 1 0 p p x / a l i t
too cow

o t T o * l G i t » .

»«V cause t B O d t r m c f t t oC c co f t f lnacIOPV
ann react (on t i n e , a t s o n e i a i t t w i
t i iuie*. eye u M E * : l a m and l o i * o f
« B t > t t n e

ttv - r*« « toa
I S O p p m ( ) k i r i ' J
« 6 0 * g / n i ( s k i m
100 pppo/e IK
c e l C l t t g • J O O p o m
P«4K i i o o p p n / i a B i n s

*K - H2Q (S Dfl , /[
A W : • O F B * ? * n M j ' l

1 I f e

S C V f M t W
S a t m g

AIK • :* ( c t i f a m i t
*>»<. - 1» l a c u t e j

f e i a t P ( o
A»C «r usucel
*irc - S« ( a c u t e *

17 503 ug/t

MOO uo^E

wnwn * « r » { t f t C t d t i

K t a t e O f

I D M a r a f
t o t o o r a li a o t f i t
t c i i i n t
T C H ' J I t l l
[ C I O t f l t

009
( a t
man
man

C o n c e n t f f t t i o n

S 1 6 C n g / k g
8000 p p n / 4 nr
2900 ppm
1 IO p p B / 8 t i t

• i y s c c m l c e f l e c t s
• • H f i t a n t e d e c t s ( w s t e m t c i

r o K i c I t y C a t e g o r y
D e s c r t o t t o n o f f t t i t a t y t%t*3e o f l o n

A c u t e e i [ M i s o r e ti»s been a t t r i b u t e d
t t t U f f f v t f ( C U t d f U C i f M t i E l o m
t e s u l c l n g I n t i t f f f i c f a i t u c e
C t i r o n l c e n p o i u f C C i u s c i t f » n a f l e t o
t n t K w e r *rtd o t n r t o r g d n f

U v - TW* • SO opffl
2 7 0 P M ' " !

i T E C i I 5 Q 1 P O B 1
aos mg/«3

OS>*W • 100 wm/-8 fit
eel D i n g • Z00< ca
pea* • J O O p p i » / 5

|in arvf i

H J O
• ' ( Q

OOb
or a

0 * C 1 1 t

- iff c a c u i e i . 43.000-
- i* t c h r u n i f i ^i «oe
- **• (dCUtCIi, iOOO U

AWC - (»f
A W C • F W
AWC • S*
rt«fC - 5«

P - c o p o s e d

M V C - H I O - O f f f ; 2 T u« l̂ Wit
H.WC - M20. 2 S U4/U tM
A W C • O f f t S O 7 W f l ' M

t a & t e & ' S ( a r abD-te^^t tons

0 1 1 3 1 2



fi S 5

* : 3
2 S

5 2
5 5 2 1

o

S S

i v

S r ^

6-21



5 5"

a 3

5 *

o
C r» O ^

2 5 i

5 5

? I I

- 5 Sn o

s c

3 * * *

e o o o

s s

* * a

1C c

5 I



? *S n

•wwfecate
rtitficier,

n —t» ~
u ~i S
I fi s$

5 §
« —
e «i— &e 51

~ 5v S

' S
*
I
r»

*- *-n cs g
5 S

g fs 5

— . l*V< t̂r5 °0 <5 s
9 *Sr>

O

U)

<> o • e

2 I
" Cv -•>• wX •<»

I

I



Otrys ene

I U ' « F c a f a g . l t J i l t ' r w p c r C t f i J i w l A v J i l . i b t c t n n m i f r C t ' i t U
D e t e c t e d B a j c / N e u t r A l / A C i f l t K t t 4 ( l i t > t e O t f l i i i l C i a t t t i r S h f f l d i r t X l B o i

C S A X J I r t w t S A * I

S o u t e 0( t y p e at
E x u " * u f e K e i e p C o f C a m c e o e t i t f u n r i v-rw*

& i m o / i n ]
( e i p t h s t i f e f i m i f s a r c (o-r coil

r * i d t p i t c h v o l d t f l e s » t i l c r >
t f l . c l u O ? e n r y - t e n e )

M-C-«,«^U (NO ,„.«,„, « « « « — — — — •

( P A
S e w e r I t y

t i i m d n t ^ i i t r i K a t i r t o t«ir«ti t w . i t c h

MCt NA t > f i ( • K^ MCC MA
*i»c - twO' • c i i f l f ** j( i( • NA AWC • t f f la » Of f f (*
AWt - H/O NA A*C - M2O t*
AWC - OF 8 N*. A*T • OfQ WA

.,.-.,*.*«,».«,
( P A

c * i e » M > a * ( U t
f U i S

•Ut . 02
I t l l • ( 1 2

D e s t r m t t O d o f P r t n a r y H Q C C a t 1 T o i i c i c y
s t s f c u i { ' u n a a n d f k i n t j n c e f

A W C - t * ( a t u t c i
AWC - t* ( c t r r o n i e n
AWC • s* l a a i t e t
A»C - s* i c n r o n i c t

R o u t e ef T y w ; Of
' x O O S u i e K e c e C K O T

M K - p w ( a c u t e )
AWC • (-w c c h r o n * c i
,.t»C - s>* c a t u i ^ i
A ' X • s w i c t i t a n t c >

( P A
S e v e r i t y

limun sit* 1 th B a l i n g tkinun H e a l l d " '

hi* 0!«l > WA AWC - MJO * Or 5 W
: - t ' ju • Off l NA ml « i* Ait - mo tw.

iff-
t a i t i f i o j e c i f

rut*

(if «b l * NA
( t i l 4 N A

w i
» ' . ' (

1^1 ^ - ota

P r i m a r y Mode o t
^» 'C - h* ( r r i r o n i c j
" . i r ' C - S I * U t O t e l

A C * • S W t f l ' H . H H f t

t* t d i u i e r

0 1 1 3 1 6



S Z - 9

? =. „ r- «-„ S £ S S
2 S O D D
5 = f | £
C " ""J* î
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I n d i c a t o r chemicals were selected in accordance with the guide-l i n e s s e t f o r t h i n E P A ' s " S u p e r f u n d P u b l i c H e a l t h E v a l u a t i o nM a n u a l " , S e c t i o n 3 ( O S W E R Direc t ive 9 2 8 5 , 4 - 1 , October 1 9 8 6 ) ,The primary purpose of the indicator se lec t ion process in thecontext of t h i s Risk Asse s sment i s to i d e n t i f y the chemica l smost u s e f u l for a s s e s s ing worst-case m i g r a t i o n rates at the s i tefor suites o f chemicals (i .e . v o l a t i l e s , s emi-vo la t i l e s , PCBsand m e t a l s ) . T h e r e f o r e , not a l l o f the ind i ca t or chemica l ss e l e c t ed ne c e s sar i ly represent the most t ox i c or most abundantchemicals present at the site.
7.1 D e v e l o p m e n t _ o f I n . i t i a l _ l J i d i c a t _ o _ r _ C h e m i c _ a U u i s t
In accordance with EPA gu idanc e , th e i n i t i a l i n d i c a t o r chemicall i s t was d e v e l o p e d on the basi s of s i t e concentrat ion d a t a( T a b l e s 4-1 and 4 - 2 ) , physical p r o p e r t i e s , f a t e and pers i s t encei n f o r m a t i o n ( T a b l e s 5-1 through 5-4; EPA E x h i b i t s A~l and A - 2 ) , 1

t o x J c J t y i n f o r m a t i o n ( T a b l e s 6 - 3 through £-*.; S P A E x h i b i t s A ~ 3 ,A - 4 , A - 5 , A~6, D - l a n d D - 2 ) , a n d snvironrsntaJ. nob i l i ty ( T a f o i o p5-1 through 5-4; EPA Exhib i t A-l). The d a t a are p r e s e n t e d inT a b l e 7-1 ( o r g a n i c s ) and T a b l e 7-2 ( m e t a l s ) . The t a b l e s sum«marize the range and representative concentrations of chemicalsf o u n d in each of f o u r environmental "compartments" or "media"(ground water, s u r f a c e water, s o i l s and a i r ) at the site. CASnumbers for each chemical are also pr e s en t ed , along with avail-able p a r t i t i o n c o e f f i c i e n t s K o c (organ i c carbon p a r t i t i o n c o e f -f i c i e n t ) and Kow ( o c t a n o l water p a r t i t i o n c o e f f i c i e n t ) . W h e r e apub l i sh ed Koc was not avai lab l e for a given chemical, it wasc a l c u l a t e d using t h e f o l l o w i n g f o r m u l a :
Log KOC = ( - 0 . 5 5 * L o g ( S ) ) + 3.64
where S = s o l u b i l i t y in m g / 1

The c ompounds l i s t e d in T a b l e s 7-1 and 7-2 were derived f r o mT a b l e s 4-1 and 4-2, r e s p e c t i v e l y . All compounds l i s t e d in T a b l e4-1 appear in T a b l e 7-1. The only compounds which do not appear

OJ

O

1 T h i s EPA Exhibi t r e f e r enc e and all other EPA Exhib i t and EPAWorksheet references r e f er to the f o l l o w i n g EPA document," S u p e r f u n d P u b l i c H e a l t h Evalua t i on M a n u a l " , S e c t i o n 3 ( O S W E RDirective 9285.4-1, October 1 9 8 6 ) . EPA A p p e n d i x A t a b l e s aroprovided in A p p e n d i x C to this report.
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on T a b l e 7-2 that are in T a b l e 4-2 are six e l e m e n t s which arenot l i s t e d hazardou s m a t e r i a l s and which do not a p p e a r to bepre s en t on-site i n s u f f i c i e n t q u a n t i t y t o e f f e c t t r a n s p o r tp r o p e r t i e s o f o ther c o n s t i t u e n t s ( c a l c i u m , p o t a s s i u m , s o d i u m ,boron, c oba l t and m a g n e s i u m ) ,
7 . 2 D e f i n i t i o n of M a x i m u m and f t e p r e s a n t a t l o n _Co.ncQnt_rai:1Lor>
The range o f concentra t ion values ( i n c l u d i n g ranges o f d e t e c t i o nl i m i t s ) f o u n d for each compound in each t e s t ed environmentalmedium are summarized in T a b l e s 7-1 and 7-2. M a x i m u m ( m a x ) con-c e n t r a t i o n s for each of the c ompounds is the maximum above-d e t e c t i o n - l i m i t value for al l media in which a d e t e c t i o n occurs.H o w e v e r , some c o m p o u n d s had no values above d e t e c t i o n l i m i t s forone or more media ( e . g . , acetone in s u r f a c e w a t e r ) . In suchcases, the maximum de t e c t i on 1imit reported for the compoundbecomes the "max" c onc en tra t i on for that environmental med ia .
R e p r e s e n t a t i v e va lue s were c a l c u l a t e d for each medium u s ing thef o l l o w i n g f o r m u l a t o d e t e r m i n e th e mean o f th e r epor t ed range:

B & p r o s . value « ( m a x + m i n ) / 2
where min « lowest de t ec t ed value or d e t e c t i o n l i m i t

A r e p r e s e n t a t i v e value was used (ra th er than an a r i t h m e t i c orgeome tr i c mean) to de t ermine the c onc en tra t i on of each const i-tuent examined in the ranking of i n d i c a t o r ch emi ca l s because ofth e v a r i a t i o n in s a m p l i n g w i t h i n a p a r t i c u l a r medium. S a m p l i n gl o c a t i o n s were not evenly d i s t r i b u t e d throughout the s i t e ;t h e r e f o r e , the mean of the range is not c o m p l e t e l y i n f l u e n c e d bythe s e l e c t i o n and number of s a m p l i n g l o c a t i o n s , but rather ity i e l d s a value that is o n e - h a l f the maximum or h igher .
F o r e x a m p l e , note that f o r t h e medium " s o i l / s l u d g e " , da ta f r o mf i v e d i s t i n c t s i t e c o m p a r t m e n t s are r epre s ent ed by a range ofvalue s given in T a b l e s 7-1 and 7-2. T h e s e c ompar tment s are: 1)s o i l s in the evapora t i on sy s t em, 2) s l u d g e s in the evapora t i ons y s t e m , 3 ) s o i l s i n t h e d i k e , 4 ) v i s i b l y a f f e c t e d s o i l s i n t h ed i k e , and 5) s l u d g e s ir the main pond. The "representative"values for each o f thes^ compartment s are quite d i f f e r e n t (seeT a b l e 9-2, S e c t i o n 9). However , due t o the way the ind i ca t ors e l e c t i o n proce s s i a s truc tured i n E P A ' s " S u p e r f u n d P u b l i cH e a l t h E v a l u a t i o n M a n u a l " , only t h e "worst-case" compartment"counts" in i - V i e ranking proce s s- Because of d i f f e r e n c e s in thed i s t r i b u t i o n a n d f r e q u e n c y o f s a m p l i n g w i t h i n f i v e d i s t i n c ts i t e compartment s in the " s o i l / s l u d g e " medium, an ar i thme t i caverage of al l da ta wa«; considered i n a p p r o p r i a t e for the rankingproces s . T h e r e f o r e , the mean of the range was considered to ber e p r e s e n t a t i v e o f the " s o i l / s i u d g e " medium.

Ai . . , „ , - . . . , . . ,-, ,-„ .,.. . . .-,r .. ,. ,.rl^^f,, -, . , , ,,,rf,,... -, . , . . . - :- ,."- , . . . . . . . , , . . . . , , ...
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where
ill J a t.

The o n l y c o m p o u n d s for which t h i s f o r m u l a was not used werep h e n o l in water , t o l u e n e and e t h y l b e n z e n e in s o i l / s l u d g e , andzinc in s o i l / s l u d g e . In ©ach o f the s e i n s t a n c e s , an e x t r e m e l yh igh c u t l y i n g value was obtained in 1984/85 that could not ber eproduc ed i n t h e S o u r c e C o n t r o l F e a s i b i l i t y S t u d y f i e l di n v e s t i g a t i o n . In order not to skew the va lue s for the s e con-s t i t u e n t s t o u n r e a s o n a b l y h i g h l e v e l s , th e ac tual med ian o f th ed e t e c t e d value s was used as the r e p r e s e n t a t i v e c onc en tra t i on forthese c o n s t i t u e n t s , F i n a l l y , where no above-de t e c t i on l i m i tvalue s o c curred, the r e p r e s e n t a t i v e c o n c e n t r a t i o n is not d e t e c t -ed (ND) and i s t r ea t ed as zero for the p u r p o s e o f the c a l c u l a -t i o n s in T a b l e s 7-7, 7-8 and 7-9 ( S e c t i o n S e c t i o n 7 . 3 . 2 ) .
7, 3 S c o r i n g I n d i c a t o r Chemicals
The next s t e p in the procedure i s to score the i n i t i a l i n d i c a t o rs p e c i e s u s ing t h e f o l l o w i n g a l g o r i t h m :

I S i - S U M [ ( C i j ) * ( T i j ) ]
! S j s i n d i c a t o r score f o r chemical i ( u n i t l e s s )
CH » cone ant rax ion of chemical i in msd:the sice tased on m o n i t o r i n g d a t amust be m g / 1 in wa t er , m g / k g in soil ort n g / m 3 in a i r )
TH » a t o x i c i t y cons tant for chemical i in med iumj ( u n i t s are the inverse of the above con-c en t ra t i on u n i t s ) .

7 . 3 , 1 T o x i c l £ v cons tant s
E P A d er iv ed t o x i c i t y c o n s t a n t s ' T - V a l u e s ) f o r each env ironmenta lmed ium and two t y p e s o f t o x i c e f f e c t s ( c a r c i n o g e n i c i t y and otherchronic e f f e c t s ) are summarized in E x h i b i t 3-2 of the 1986 EPAguidance . T o x i c i t y constants f or noncarcinogens (Tn) were de-rived f r o m t h e minimum e f f e c t i v e dose ( M E D ) f o r chronic e f f e c t s ,a s ev er i ty o f e f f e c t s f a c t o r a n d s t a n d a r d f a c t o r s f o r bodywe ight and oral or i n h a l a t i o n intake ( e . g . , 70 kg body w e i g h t , 2l i t e r s / d a y o f d r i n k i n g water , 20 cubic m e t e r s / d a y o f a i r ) . T o x -i c i ty constants for p o t e n t i a l carcinogens (Tc) were based on thedose at which a 10 percent incremental carcinogen re spons e isobserved ( E D ^ o ) anc* the same s t a n d a r d intake and body we ightf a c t o r s . T h e intake f a c t o r f o r soil t o x i c i t y con s tant s w a sbased on an a s s u m p t i o n of 100 m i l l i g r a m s of soil inge s t ed perday for 2- to 6-year-olds ,
T o x i c i t y c ons tant s are m e d i u m - s p e c i f i c , with wT, aT and sTr e p r e s e n t i n g water, a ir and s o i l , r e s p e c t i v e l y . V a l u e s f orthese c on s tan t s are prov id ed for each i n d i c a t o r paramet er inT a b l e s 7-3 and 7-4 (organic s and m e t a l s , r e s p e c t i v e l y ) .
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T a b l e s 7 - 3 a n d 7 - 4 a l s o p r o v i d e t o x i c o i o g i c a i c l a s s ( P C o r N C ) ,a l o n g with s ever i ty ra t ing value r ' R V e ) f o r noncarc inogens a n dw e i g h t - o f - e v i d e n c e category ( E P A c a t e g o r y ) f o r carcinogens.Because o f p r o b a b l e d i f f e r e n c e s i n d o s e - r e s p o n s e mechani sms( n o n - t h r e s h o l d versus t h r e s h o l d ) , p o t e n t i a l carcinogens ( P C s )and noncarcinogens (NCs) are scored and selected i n d e p e n d e n t l y .I n d i c a t o r scores for carc inogens and noncarc inogens are notc o m p a r a b l e s ca l e s and should never be compared.
R a t i n g c on s tan t s for noncarcinogens are p r o v i d e d in T a b l e 7~5and w e i g h t - o f - e v i d e n c e ca tagor i e s for p o t e n t i a l carcinogens areprovided in T a b l e 7-6, Where chemicals be long to both PC and NCt o x i c i t y c l a s s e s , t o x i c i t y c on s tan t s a n d s e v e r i t y / w e i g h t - o f -evidence va lu e s are p r o v i d e d f or each t o x i c i t y c l a s s ,

7 . 3 . 2 C a l c u l a t i n g I S V a l u e s
To prov id e a r e la t ive scale o f p o t e n t i a l h e a l t h risk for thec h e m i c a l s at a given s i t e , IS value s are c a l c u l a t e d and rankedf r o m h ighe s t ( r a n k 1) to lowes t ( r a n k 10) . The IS value wasc a l c u l a t e d by summing the ap£r~*v*<a*"<» m^dia columns for i f t a y i w i wana r e p r e s e n t a t i v e CT values .
Because of the large number of chemicals to be evaluated at theS h e r i d a n S i t e , these work sheets have been s p l i t into organic( T a b l e 7 - 7 ) a n d inorganic ( T a b l e 7 - 8 ) c h e m i c a l s . Both carcino-genic and non-carcinogenic t ox i c i ty classes are presented eneach of these two t a b l e s .
N e x t , the chemicals were ranked s e p a r a t e l y for PC and NC c las s-es, k e ep ing organic and inorganic chemicals separate. T h i sr e s u l t ed in " t en ta t ive ranks" for the c o m p o u n d s / based on repre-s enta t ive concentrations. T h o s e chemicals f o r which t o x i c i t yconstants are not l i s t e d in the S u p e r f u n d Manual were not in-c l u d e d in th i s t en ta t iv e ranking proce s s . For NC organic s ,t r i c h l o r o e t h y l e n e ranked N o . l a t the s i t e , c l o s e l y f o l l o w e d byphenol and the two cresols. Benzene and toluene ranked No* 5and No. 6 , r e s p e c t i v e l y .
For PC organics, based on repre s entat ive values , tr ichloro-e t h y l e n e ranked No. 1 , A r o c l o r 1242 was No. 2 , t e t r a c h l o r o -e t h y l e n e was No. 3, benzene was No. 4 and A r o c l o r s 1260, 1016and 1232 were N o s . 5, 6 and 7, r e spec t ive ly. The lowest rankedwere 2-butanone (MEK) for NC organics and Lindane f o r PCo r g a n i c s , based on r e p r e s e n t a t i v e concentrat ions .
For NC m e t a l s , based on r epre s en ta t iv e c oncen tra t i on s , bariumranked No. 1, f o l l o w e d by n i c k e l , s i lver and c o p p e r . The lowes t

O

7-11
ET87



III

I

TABLE 7-5
E P A ' S E X H I B I T B - l

R A T I N G C O N S T A N T S ( R V e ) F O R N O N C A R C I N O G E N S 1

E f f e c t :
Enzyme induc t i on or other biochemical change withno p a t h o l o g i c changes and no change in organ w e i g h t s .
Enzyme i n d u c t i o n and s u b c e l l u l a r p r o l i f e r a t i o n orother changes in o r g a n e l l e s but no other a p p a r e n te f f e c t .
H y p e r p l a s i a , h y p e r t r o p h y or a t r o p h y , but no change inorgan weight s .
H y p e r p l a s i a , h y p e r t r o p h y or a trophy with changes inorgan w e i g h t s .
Reversible c e l l u l a r changes: c l o u d y s w e l l i n g ,h y d r o p i c change , o r f a t t y changes .
N e c r o s i s , or m e t a p l a s i a with no apparen t decrement ofo i t j d t ! f u n c t i o n . A n y n e u r o p a t h y wi thou t a p p a r e n tb e h a v i o r a l , sensory, or p h y s i o l o g i c changes.
N e c r o s i s , a t r o p h y , h y p e r t r o p h y , o r m e t a p l a s i a w i tha d e t e c t a b l e decrement of organ f u n c t i o n s . Anyn e u r o p a t h y w i th a measurab l e change in b e h a v i o r a l ,s ensory, or p h y s i o l o g i c a c t i v i t y .
N e c r o s i s , a t r o p h y , h y p e r t r o p h y , o r m e t a p l a s i a wi thd e f i n i t i v e organ d y s f u n c t i o n . A n y neuropathy withgross changes in b ehavior , sensory, or motor per-f o r m a n c e . Any decrease in r e p r o d u c t i v e c a p a c i t y ,any evidence of f e t o t o x i c i t y .
Pronounced p a t h o l o g i c changes with severe organ dys-f u n c t i o n . Any neuropathy with lo s s o f behavioralor motor control or l o s s of sensory a b i l i t y . Repro-duct ive d y s f u n c t i o n . A n y t era togeni c e f f e c t withmaternal t o x i c i t y .
Death or pronounced l i f e - s h o r t e n i n g . Any teratogenice f f e c t wi thout s i g n s o f maternal t o x i c i t y .

S e v e r i t y( R V e )

O

o

10

- ' • R a t i n g s ca l e i d e n t i c a l to t h a t vised by EPA in the RQ a d j u s t m e n t pro c e s sas described in EPA ( 1 9 8 3 ) .
Source: E F A S u p e r f u n d P u J p l i c H e a l t h Evaluat ion M a n u a l , A p p e n d i x B

( O c t o b e r , 1 9 8 6 ) .
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I
T A B L E 7-6

E P A ' S E X H I B I T B - 2
E P A W E I G H T - O F - E V I D E N C E C A T E G O R I E S

F O R P O T E N T I A L C A R C I N O G E N S

E P A D e s c r i p t i o nC a t e g o r y o_f _Gr.oup o f me
G r o u p A H u m a nC a r c i n o g e n

G r o u p Bl P r o b a b l eH u m a n

G r o u p B2

G r o u p C

G r o u p D

G r o u p E

P r o b a b l eH u m a nC a r c i n o g e n
P o s s i b l eH u m a nC a r c i n o g e n
N o t
C l a s s i f i e d
N o Evidenc eof Carcino-g e n i c i t yin H u m a n s

S u f f i c i e n t ev id enc e f r o m e p i d e m i o l o g i cs t u d i e s to s u p p o r t a causal a s s o c i a t o nbetween e x p o s u r e and cancer.
L i m i t e d ev idence of c a r c i n o g e n i c i t y inhumans f r o m e p i d e m i o l o g i c s t u d i e s .

S u f f i c i e n t ev idence o f c a r c i n o g e n i c i t yin a n i m a l s , inadequat e evidence of car-c i n o g e n i c i t y in humans
L i m i t e d evidence of c a r c i n o g e n i c i t y ina n i m a l s .

I n a d e q u a t e evidence o f c a r c i n o g e n i c i t yin a n i m a l s .
No evidence for c a r c i n o g e n i c i t y in atl ea s t two adequate animal t e s t s or inboth e p i d e m i o l o g i c and animal s t u d i e s

o

S o u r c e : E P A S u p e r f u n d P u b l i c H e a l t h E v a l u a t i o n M a n u a l , A p p e n d i xB (Octob er 1 9 8 6 ) .
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II
ranking NC me ta l s at the s i te were vanadium ( 1 0 ) and mercury( 1 1 ) . Only arsenic could be evaluated among the PC chemica l sbecause o f th e l a c k o f T - v a l u e s f or th e other f o u r PC m e t a l s .
7-4 £ & l e j 3 t i o n _ o f ..Final I n d i c a t o r Chemical s
The next s t ep in the s e l e c t i on process is to select the f i n a lind i ca t or chemicals . F i r s t , the top ranking chemicals for whicht o x i c i t y constants are ava i lab l e are l i s t e d in rank order byrepre sentat ive concentrations (lowes t to highest rank number),as shown in T a b l e 7-9, For the S h e r i d a n S i t e , there are f i v ed e t e c t e d organic s ( b e n z e n e , t r i c h l o r o e t h y l e n e , t e t ra ch l oro-e t h y l e n e , 1 , 2 - d i c h l o r o e t h a n e and I,i-dichloroethylene) and f i v em e t a l s ( a r s e n i c , b e r y l l i u m , c a d m i u m , chromium and n i c k e l ) thata p p e a r in both PC and NC t o x i c i t y c las s e s . The f o u r PCBs( A r o c l o r s 1016, 1232 , 1242 and 1 2 6 0 ) , the s ix de t ec t ed p e s t i -cides and b i s -2-e thylhexyl p h t h a l a t e were the remaining PCchemical s . The remaining NC organic compounds and meta l s area l so s e p a r a t e l y l i s t e d in T a b l e 7-9 by rank order.
I n acecrdar.cc w i th E F A g u i d a n c e , t h e or ig ina l l i s t o f d e t e c t e dc o m p o u n d s was reviewed in order f.o p i c k up any p o t e n t i a l i n d i -cators for which T - v a l u e s are not a v a i l a b l e . S e v e n t e e n com-p o u n d s were i d e n t i f i e d and added to T a b l e 7-9, 15 organics andtwo me ta l s . T h e s e compounds are present in variable concen-t ra t i on s throughout the source area, p a r t i c u l a r l y in s l u d g e s andt h e r e f o r e might represent a p o t e n t i a l l y s i g n i f i c a n t load oru s e f u l indicator spec ie s .
T a b l e 7-9 p r o v i d e s a summary of p h y s i c a l c hara c t e r i s t i c s impor-tant f o r e v a l u a t i n g th e f a t e and p e r s i s t e n c e o f t h e c a n d i d a t ei n d i c a t o r chemical s . T h e s e charac t er i s t i c s in c lude da ta f o rs o l u b i l i t y , vapor pres sure, H e n r y ' s L a w cons tant , K o c , a n d h a l fl i f e values for ground water, sur face water, soil and air f r o mEPA A p p e n d i x A tab l e s . To assist in the se lec t ion of the f i n a lind i ca t or chemical s , avai lab l e or ca l cu la t ed log K o w , Kd, Rd andBCF data were also tabu la t ed for each candidat e ind i ca t o rch emi ca l . L o g K o w , K d ( d i s t r i b u t i o n c o e f f i c i e n t , s e e f o o t n o t e sT a b l e 7 - 9 ) .and R d ( r e t a r d a t i o n c o e f f i c i e n t , s e e f o o t n o t e s T a b l e7 - 9 ) value s were t a b u l a t e d p r i m a r i l y for use in the ground waterm o d e l s ( S e c t i o n 9), BCF i s the b ioconcentrat ion f a c t o r and re-l a t e s to s u r f a c e water and f o o d - c h a i n up-take pa thways .
A re la t ive site load f a c t o r ( H ~ H i g h , M=*Medium, L = L o w , ) wasi n c l u d e d as a moans of I d e n t i f y i n g compounds whicli have thehignest relative "Load" (concentration and/or f r e q u e n c y ) , at thes i te . F i n a l l y , a r e l a t i v e "qua l i ty of data" category was added
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to i n d i c a t e q u a l i t a t i v e l y how r e p r e s e n t a t i o n ot the a v a i l a b l eda ta are for the actual presence and concentra t ion of each com-pound at the s i te. The use of these f a c t o r s in the d e s i g n a t i o no f f i n a l ind i ca t or s c h emi ca l s i s d e t a i l e d i n t h e f o l l o w i n gs e c t i on.

7 - 4 . 1 Rationale f o r F i n a l S _ e l e c t l o _ n _ o f _ I n d i c a t o _ r C h e m i c a l s
As p r e v i o u s l y ment ioned in the i n t r o d u c t i o n to th i s s e c t i on , thei n d i c a t o r s e l e c t i o n proce s s was d e s i g n e d to i d e n t i f y the com-p o u n d s or e l emen t s most u s e f u l to the risk assessment proce s s e sp e r f o r m e d in S e c t i o n s 9 through 11 and A p p e n d i x F. The r e s u l t sof the ranking proce s s ( b a s e d on r e p r e s e n t a t i v e c o n c e n t r a t i o n s )de s c r i b ed in S e c t i o n s 7.1 through 7*3 were used as a po in t ofd e p a r t u r e f o r t h e f i n a l s e l e c t i o n , a s f o l l o w s :
1. At l ea s t one of the top three ranked c h e m i c a l s in each ofth e f o l l o w i n g t o x i c i t y c l a s s e s would b e s e l e c t e d :

P C / M O o r g a n i c
PC organic

- NC organic
- P C / N C metal
- NC metal

2. At l ea s t one chemical r epr e s en ta t iv e of each of thef o l l o w i n g organic chemical c l a s s e s would be s e l e c t e d :
v o l a t i l e organic

- p o l y n u c l e a r aromatic ( P N A ) organic
P e s t i c i d e / P C B organic
acid f r a c t i o n organic

3. The compound wi th in each c la s s ( t o x i c i t y or c h e m i c a l ) whichhad the most r e l i a b l e data base and the l a r g e s t p r o b a b l et o ta l s i t e load would be given p r e f e r e n c e w i t h i n eachc la s s .
4 . If no t a l r e a d y s e l e c t ed f o r other reasons w i t h i n a t o x i c i t yor chemical c l a s s , the most m o b i l e a n d / o r most p e r s i s t e n td e t e c t e d compound w i t h i n ^ach c la s s i / o u l d be i n e l u d e £ £orworst-case t r a n s p o r t m o d e l i n g .
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i
T h i s r a t i o n a l e r e su l t ed i n t h e f o l l o w i n g s e l e c t i o n o f c h e m i c a l sbased on t o x i c i t y c l a s s :
1. PC/NC organic s - t r i c h l o r o e t h y l e n e , benzene and t e t ra-c h l o r o e t h y l e n e , which were the top three ranked organicchemica l s d e t e c t e d at the s i te which have both PC and NC T-values .
2. PC organics - all d e t e c t e d A r o c l o r s ( 1 2 4 2 , 1260, 1016 and1 2 3 2 ) which were the top f o u r organic s with PC o n l y T~values .
3. NC organic s - p h e n o l , t o lu ene and e t h y l b e n z e n e which weret op-ranked , high site load and high site load r e s p e c t i v e l y ,f o r t h e N C c la s s .
T h e a p p l i c a t i o n o f t h e r a t i o n a l e r e s u l t e d i n t h e f o l l o w i n gs e l e c t i o n s based on chemical c la s s :
1. PNAs - since no T - v a l u e s are a v a i l a b l e for t h i s chemicalc l a s s , it was not p o s s i b l e to rank organics in th i s cate-gory. T h e r e f o r e , the wost p r e v a l e n t and mob i l e PNA de-tected a t * t h e s i t e f o r which f a ' c e a n d t r a n s p o r t da ta a r ea v a i l a b l e was chosen: n a p h t h a l e n e .
2. A c i d f r a c t i o n organic s - d i m e t h y l p h e n o l was chosen as thel ea s t m o b i l e o f t h e d e t e c t ed acid f r a c t i o n organics . Themost m o b i l e - pheno l - was a l r e a d y i n c l u d e d as the t o p -ranked NC organic .
3. P e s t i c i d e s / P C B s - since all the detected PCBs had a l r eadybeen s e l e c t ed and because PCBs represent the most p er s i s -tent and are about the same m o b i l i t y as the p e s t i c i d e s inth i s organic chemical c l a s s , no other compounds weres e l e c t ed in th i s c la s s .
The a p p l i c a t i o n o f the r a t i o n a l e to m e t a l s r e su l t ed in thef o l l o w i n g s e l e c t i on s :
1. PC/NC m e t a l s - nickel and chromium, the two most pr eva l en tm e t a l s of t h i s c la s s at the s i te.
2. NC m e t a l s - lead and z inc , the two most p r e v a l e n t m e t a l s ofth i s c la s s at the site.
The on ly high-ranked chemical s that were not chosen as i n d i c a t o rchemica l* were barium (ranked No. 1 f or NC m e t a J s ) and arsenic(the only Pc/NC metal f or which T - v a l u e s are a v a i l a b l e ) . Bariumwas not chosen because it is ubiquitous in coastal s o i l s and ish a z a r d o u s on ly a s a c h l o r i d e s a l t : t h i s f o r m i s h i g h l y u n l i k e l y
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I
to occur at the s i t e and it is not f e l t that the c o n c e n t r a t i o n sd e t e c t e d at the s i te would ever c o n s t i t u t e a human h e a l t h risk.A r s e n i c was not s e l e c t ed because nickel and chromium are muchmore common at the s i t e and t h e r e f o r e repre sent a more conser-vat ive ( i . e . , wor s t - ca s e) choice f o r m o d e l i n g p u r p o s e s .

7 , 4 , 2 F i n a l _ I n d i _ c a t o r .chemicals • • • '
T h e f i n a l i n d i c a t o r chemical s se lected are:

BenzeneE t h y l b e n z e n eN a p h t h a l e n e
PCBsPhenolT e t r a c h l o r o e t h y l e n eT o l u e n eT r i c h l o r o e t h y l e n e2 , 4 - d i m e t h y l p h e n o lChromiumLeadN i c k e lZ i n c

T o x i c i t yCla s s
P C / N C

N C
N C
PC
N C

P C / N C
N C

t-.rt / t r ^ i
4. „/ «.*W

N C
P C / N C

N C
P C / N C

N C

O
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8 - D E S C R I P T I O N O F E N V I R O N M E N T A L . S E T T I N G
The i n f o r m a t i o n in the f o l l o w i n g sub s e c t i on s p r o v i d e s an over-view o f t h e environmenta l s e t t i n g o f t h e S D S S i t e . T h i s i n f o r -mation prov ide s a re ference to the environmental f a c t o r s andknown c o n d i t i o n s at the s i t e which are relevant to the p a t h w a ye v a l u a t i o n and e xpo sur e a n a l y s e s in S e c t i o n s 9 through 11. Theenvironmental f a c t o r s most pert inent to the assessment of expo-sure are ones which i n f l u e n c e the f a t e , t r a n s p o r t and r e s u l t i n gpa thway by which an exposure at a r e c e p t o r l o c a t i o n may or maynot take p l a c e . T h e s e f a c t o r s determine - or at least i n f l u e n c e- whether an expo sure pa thway is c o m p l e t e or i n c o m p l e t e . Rele-vant environmenta l f a c t o r s in c lude:

o c l i m a t e ( 8 . 1 )
o s i t e t o p o g r a p h y a n d s u r f a c e water ( 8 . 2 )
o site h y d r o g e o l o g y ( 8 . 3 )
o s i t e h a b i t a t s , l a n d u s e a n d s p e c i e s ( 8 , 4 )

The i n f o r m a t i o n summarized in th e f o l l o w i n g s u b s e c t i on s i s u t i l -ized in S e c t i o n 9 to d e t e r m i n e which p a t h w a y s are c o m p l e t e( i . e . , that have or may hatre human r e c e p t o r s ) . For c o m p l e t e dp a t h w a y s , these f a c t o r s are f u r t h e r u t i l i s e d in the e x p o s u r ea s s e s sment .
8 • 1 . C l i m a t i c . . F a c t o r s . A f f e c t i n g T r a n s p o r t
T h e p r i m a r y c l i m a t o l o g i c a l f a c t o r s a f f e c t i n g t h e f a t e a n d trans-port of c o n s t i t u e n t s on s i t e are:
1. R a i n f a l l ( a n n u a l , d a i l y and m o n t h l y t o t a l s , f r e q u e n c y , in-t e n s i t y and d i s t r i b u t i o n or d a t e of occurrence on a year-s p e c i f i c b a s i s ) ,
2. Net e v a p o t r a n s p i r a t i o n , which i s a f u n c t i o n of groundcover, r a i n f a l l , p o t e n t i a l evaporat ion, r u n o f f , soil t y p e ,recharge s t a t u s , and season. In the case of open water ,net evapora t i on is a f u n c t i o n p r i m a r i l y of wind s p e e d ,t emperature and s u r f a c e condi t ions ( e . g . , o i led or noto i l e d ) .
3. H i n d speed and direc t ion ( p r e v a i l i n g , minimum ancl m a x i m u m ) .
4. River stage and a q u i f e r recharge status.
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II
The c l i m a t e in th e area o f t h e SDS S i t e i s p r i m a r i l y m a r i t i m e ,c h a r a c t e r i z e d by l o n g hot summers, h igh h u m i d i t y , and s h o r t ,mi ld winters. Average monthly p r e c i p i t a t i o n i s f a i r l y u n i f o r m l yd i s t r i b u t e d based on l o n g term records ( F i g u r e 8 - 1 ) , but is muchmore v a r i a b l e on a d a i l y or m o n t h l y basis for a given year( T a b l e 8 - 1 ) . E v a p o r a t i o n t end s t o f o l l o w average t e m p e r a t u r emaxima and minima ( F i g u r e 8 - 2 ) , as would be expec t ed.
In g e n e r a l , the s i t e i s l o c a t e d in a 2one where e v a p o r a t i o n of fopen-pond s u r f a c e s would tend to exceed p r e c i p i t a t i o n . H o w e v e r ,care must be taken in der iv ing net evaporation or net i n f i l t r a -t i o n f r o m d a t a such as those pr e s en t ed in F i g u r e s 8-1 and 8-2because the use of averages can d r a s t i c a l l y u n d e r e s t i m a t e e i theror both o f the se values . T a b l e 8-1 d e t a i l s the m o n t h l y r a i n f a l land evapora t i on data for the s i te area. M o n t h l y averages ( l o n gt e r m ) for p r e c i p i t a t i o n and r a i n f a l l are p r o v i d e d in F i g u r e 8-1( r e p r o d u c e d f r o m t h e S C R I ) . Both d a t a sets i n d i c a t e evapora t i onrates that exceed p r e c i p i t a t i o n in the s i te area. N u m e r o u sother e x a m p l e s are a v a i l a b l e in the l i t e r a t u r e , i n c l u d i n g mapsf o r t h e S t a t e o f T e x a s ( C l i m a t i c A t l a s o f T e x a s , T D W R # L P ~ 1 9 2 ,December 1 9 8 3 ) w h i c h p r o v i d e contours o f e vapora t i on and pr e c ip-i t a t i o n based on all the e v a p o r a t i o n / p r e c i p i t a t i o n s t a t i o n s inthe s t a t e . T h i s da ta base has l i m i t a t i o n s when a p p l i e d tos p e c i f i c s i t e s , p a r t i c u l a r l y natural o r man-made i m p o u n d m e n t s ,because the d a t a are generated p r i m a r i l y f r o m pan evapor ime t er sor lake d a t a . The f o r m e r do not get r u n o f f i n p u t s , and the l a t -ter are corrected for r u n o f f i n p u t s . I m p o u n d m e n t s , such as themain pond at the s i t e , receive r u n o f f f r o m the surrounding d ike s(an e f f e c t i v e area equal to a t l eas t h a l f o f the pond a r e a ) . Ina d d i t i o n , the pond i s o i l e d . N u m e r o u s s t u d i e s in the l i t e r a t u r ehave shown that even a m o n o m o l e c u l a r layer of oil is a very ef-f e c t i v e r e tardant f o r e v a p o r a t i o n f r o m a water s u r f a c e . I t i snot at all s u r p r i s i n g that the pond accumulat e s water , event h o u g h it might a p p e a r that it should be dry because year lyr a i n f a l l is as much as 20 inches lower than the a p p a r e n te v a p o r a t i o n rate f or the area.
W i n d speed and d i r e c t i o n for the s i te area are p r o v i d e d inF i g u r e 8-3 based on a wind rose for H o b b y A i r p o r t in H o u s t o n .Data f r o m the H o b b y A i r p o r t s t a t i o n was used in the air model toc a l c u l a t e maximum 8-hour average expo sure l e v e l s ( S e c t i o n 8 , 4 )because ne i ther H o u s t o n - I A H nor A u s t i n - b a s e d data bases have theh o u r l y wind d a t a nece s sary f o r e ight-hour expo sure m o d e l s .
8 .2 S i t e . £Qp_&gr_ap; iv_._ S u r f a c e W a t e r s an.d_D_rai^ige Routes
The SDS S i t e is l o ca t ed on a cut bank above the Brazos River.The overall s l o p e on the s i t e is l e s s than 0.3% to the south-southwest away f r o m the Brazos River ( F i g u r e 8 - 4 ) .
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I

I
C l a r k Lake i s a series of three p o o l s s e p a r a t e d by three art i-f i c i a l d ik e s ( F i g u r e 8 - 4 ) and i s p r o b a b l y an o ld oxbow of theBrazos River. Based on old aerial p h o t o g r a p h s / the d ike s arenot. nece s sary to m a i n t a i n the pre sence of the lake . C l a r k Lakeborders the SDS S i t e on the south and is used as a water s u p p l yf or l i v e s t o c k * S c a t t e r e d throughout a f o u r - m i l e rad iu s aroundthe s i t e are several other smal l lake s and stock p o n d s ,i n c l u d i n g a s m a l l lake on Donahoe Creek to the southeast of theS D S S i t e .
During h i g h water s t a g e , C l a r k Lake d i s charge s into a d r a i n a g ed i t c h that f l o w s southwest into Donahoe Creek and then west intothe Brazos River about three stream m i l e s f r o m the s i t e ( F i g u r e8 - 5 ) . During normal f l o w ( i . e . , dur ing smal l s t o r m s ) , r u n o f ff l o w s into C l a r k Lake f r o m both s ide s o f t h e lake .
Six streams are located within a f o u r - m i l e radius of the SDSp r o p e r t y , but none of the creeks ex c ep t Donahoe have any s u r f a c econnec t ion to r u n o f f f r o m th e s i t e ( F i g u r e 8 - 5 ) * Donahoe Creekis l o c a t e d 1.3 m i l e s south of the s i te. S e a s o n and C e d a r Creeksare l o ca t ed 3,2 m i l e s northeast o f the f a c i l i t y and W a l n u t Bayouborders the f o u r ^ m i l e radius t o the south. All f o u r o f theses treams f l o w f r o m east to west and d i s c h a r g e into the BrazosRiver. Doe Run, 1.2 m i l e s northwest o f the SDS S i t e , d i s c h a r g e sinto the Brazos River on the o p p o s i t e bank. J a c k s o n Creek l i e sa p p r o x i m a t e l y 3 .5 m i l e s west o f the f a c i l i t y on the o p p o s i t es i d e o f t h e Brazos . T h i s s tream f l o w s south into Red G u l l ywhich d i s c h a r g e s to New Y e a r s Creek and e v e n t u a l l y into theBrazos River south of the s i te .
F i g u r e 8 - 4 p r o v i d e s s i t e s p e c i f i c contours, d r a i n a g e f l o w direc-t i o n s and "watershed" areas f or th e SDS S i t e . T h e s e d a t a wereused in the SCRI to c a l c u l a t e s tormwater r u n o f f and de t erminepeak f l o w and t o t a l r u n o f f volume f r o m a l o c a l i z e d 100-year, 24-hour storm of 11.9 inches for f o u r p o i n t s at the s i t e ( F i g u r e 8~4) . The t o t a l c a l c u l a t e d r u n o f f was almos t the same for each o ft h e f o u r p o i n t s ( 3 0 . 5 , 3 3 , 5 5 , 2 7 . 5 4 a n d 30.79 a c r e - f e e t f o rp o i n t s 1, 2, 3 and 4, r e s p e c t i v e l y ) , r e s u l t i n g in a t o ta l unad-j u s t e d areal r u n o f f o f about 122 a c r e - f e e t . Peak f l o w s at thef o u r p o i n t s were more v a r i a b l e , ranging f r o m a low o f 63 c f s (atP o i n t 4) to a h igh o f 97 c f s (at Point l) .
The s i t e l i e s w i t h i n segment 1202 of the Brazos River dra inage .A v a i l a b l e water q u a l i t y cr i t er ia and usage c l a s s i f i c a t i o n arep r o v i d e d f or th e nearest monitored st?.t.ion in T a b l e 8-2, T h * «t a b l e a l s o p r o v i d e s d i s charge data f o r t h e f o u r nearest sta-t i on s , i n c l u d i n g H e m p s t e a d ( d o w n s t r e a m ) a n d W a s h i n g t o n ( u p -s t r e a m ) , A d d i t i o n a l a v a i l a b l e chsmical and water q u a l i t y da taare p r o v i d e d in T a b l e s 8-3 and 8-4 and are used in S e c t i o n 10 tode t ermine e x i s t i n g river load f or s i te
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9 4 - 1 1 0
6 3 - 1 7 0
86-300

4 3 3 - 8 1 4
NA
NA
NA
NA
N A
NA
N A
N A

i a i . i n i n g / t e g )

1 9 8 3 - 1 9 8 4

509- 1500
1 - 3 1 . 5

160-260
50-92

9 1-13
49-190

4 2-6 4
1 3 0 - 2 3 0
64-130
5 2 - 2 9 0

320-870
N A
NA
NA
NA
N A
NA
N A
N A

1 9 8 1 - 1 9 8 2

2 0 4 - 1 5 2 0
4-31

160-300
5 1 - 9 0

7 .9-20
3 6 - 1 7 0

5.0-5 5
9 2 - 1 6 0
5 3 - 1 6 0
5 1 - 2 7 0

280-811
7 . 6 - 8 5
4 .2-200

7 - 1 1 5
9 4 - 1 1 5

1 .6-4 . 5
80-210

220-3300
19-4440

0.0
0.0
0.3
0.0
0.0

1 9 8 3 - 1 9 8 4

2 5 1 - 1 4 1 0
3 - 3 1

9 3 - 2 7 0
2 8 - 7 0

S . S - 2 0
1 7 - 1 4 0

4 . 5 - 6 7
6 1 - 1 6 0
18- 120
1 1 - 2 1 0

1 5 0 - 6 7 0
7 8 - 8 . 1

9 - 5 3 0
7 . 2 - 1 0 5

81-96
1 . 2 - 8 . 1

92-3400
60-6600
11- 1430

N A
MA
N A
N A
N A

1 9 8 4 - 1 9 9 5

1 7 1 - 1 9 1 0
5 - 3 1

8 7 - 3 1 0
38-81
5 6 - 2 1
1 1 - 1 5 0

4 3-6 0
87- 144
2 6 - 1 6 0
J 7 - 1 1 0

1 5 3 - 9 1 1
7 . S - 8 3

1 6 - 3 5 0
7 2-9 6

97-104
1 . 5 - 1 6
88-650
J 2 - 5 0 0

20*4370

N A
N A
N A
N A
N A

1 9 8 5 - 19*6

2 6 2 - 1 ' 7 C
7 - 3 0

1 8 0 - 2 6 C
3 4 - 7 3
4 5- 16
16- 140

3 8-5 1
91 - 1 6 5

I S - U O
1 7 - 1 1 0

1 5 0 - 6 5 0
7 8-8 3
4 2 - 8 9 0
7 0 - 1 1 2

8 7 - V 1 2
1 2 - 3 6

10-4100OO
1 0 - 9 1 0 G
U - 3 U 3

N A
N A
N A
N A
N A

O
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B989 T A B L E « - 4 (com
* v a i i a b l e S p e c i ( i c C h e r a i c a : a n d w a t e r Q u a I i t y D a t a t o r t h e g r a z o s R i * e r

a t c o l l e g e S t a t i o n , r x < ^ s l r e a m ) a n d R i c h m o n d . T X ( Q c w m t r e a n )

c o l l e g e s t a t i o n
t M i l e I 7 i i )

P a r a m e t e r

A t R i c h m o n d ( M i l e 0 )

1 9 8 3 - 1 9 8 4 1 9 8 1 - 1 9 8 2 1 9 8 3 - 1 9 8 4 1 9 8 4 - 1 9 8 5 1 9 6 5 - 1 9 8 6

( u n i t s i n u g / i u n l e s s o t n e r w i s e s p e c i f i e d )

M £ T A I . S
A l u m i n u m
A r s e n i c t o t a l

d i s s o l v e d
B a r i u r n . t o t a l

d i s s o l v e d
B e r y l 1 1 u r n t o t a l

d i s s o l v e d
C a d m i u m , t o t a l

d i s s o l v e d
C h r o m i u m , t o t a l

d i s s o l v e d
C o b a l t , t o t a l

d i s s o l v e d
C o p p e r , t o t a l

< j i s s o l v e d
i r o n , i o t a i

d i s s o l v e d
L e a d , t o t a l

d i s s o l v e d
M a n g a n e s e t o t a l

d i s s o l v e d
M e r c u r y , t o t a l

d i s s o l v e d
N i c k e l . t o t a l

d i s s o l v e d
s e l e n i u m , t o t a l

d i s s o l v e d
S i l v e r , t o t a l

d i s s o l v e d
v a n a d i u m , t o l a )

d i s s o l v e d

N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
NA
NA
N A
N A
N A
NA
NA
N A
NA
N A
N A
NA
NA
N A
N A
N A
NA
NA
NA
"JA
N A
N A
N A

N A
N A
N A
N A
N A
NA
N A
NA
N A
N A
N A
NA
NA
N A
NA
NA
N A
N A
N A
NA
NA
NA
NA
N A
NA
NA
N A
N A

N A
N A
N A
NA

N A
2-4
2-3

' 1 0 0 - 2 0 0
1 1 0 - 1 6 0

NA
N A

t l - 3
• 1-4

( 1 0 - 1 O
' 1 0

« 1-3
(1 • < 3

5 - 1 4

390-6800
5 - 2 7
1-45
1-5

0.1-0-1
' 0 1 - 0 3

1-8
1-7

< 1-1
< t

N A
N A

' f i - f i O
7-39

N A
NA

NA
6 4 - 1 6 0

NA
<0 5 - « l 0

NA
< 1-1

N A

N A
2 - 4

N A
- 3 - 6 6

NA

NA
• 1-7

N A
«0 1

N A
( 1 - 4

N A

N A
* t

N A
<6-7

N A
' 3 - 1 0

MA
N A

1 - 5
N A

9 2 - 1 6 0
N A

• 0 . 5 - 2 0
N A

( 1 - 3
N A

NA
2-7

MA
3 - 8 3

MA
t l - 7

N A
« t - 1 8

NA

N A
• 1-3

NA
( I

NA

N A

N A
9 - 1 9

2 0 - 1 5 0
MA

1-3
NA

56-120
N A

• 0 5
N A

MA
' 3

N A
1 - 5

N A
r - 1 6 0

MA

N A
2-4

NA
<0 1-0 t

N A
t - 2

N A
• 1-1

N A
* 1 - 1

N A
<6

MA

<M

O
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8 . 3 S i t e H v d r o g e o l p q y
A s chemat i c s ou th- to-nor th cross-section through the S h e r i d a nDispo sa l Serv i c e s S i t e is presented in F i g u r e 8-6. T h i s sche-matic cross-sect ion i l l u s t r a t e s t h e s p a t i a l d i s t r i b u t i o n o fs t r a t i g r a p h i c uni t s beneath the s i te . The u p p e r t h i r t y f e e t a tt h e s i t e ( S t r a t u m A ) consist o f in t e r b edded sand s , s i l t s a n dc l ay s . F i g u r e 8-6 ind i ca t e s that the uppermos t sandy and s i l t yc lay unit wi th in stratum A may not be continuous throughout thes i t e . H o w e v e r , the s u r f i c i a l c l ay is as much as f o r t y - f i v e f e e td e ep beneath the southern two-thirds of the evaporation system.T h i s c l a y zone has an average lab p e r m e a b i l i t y ( t h r e e s a m p l e s )o f 6.37 x 10"9 cm/ s e c ( J u l y 1987 S C R I ) . T h i s d i s t r i b u t i o n m a ybe the r e su l t of d e p o s i t i o n as soc iated with the meander systemthat f o r m e d C l a r k Lake (and the natural d e p r e s s i o n now occupiedby the main p o n d ) and re su l t s in p a r t i a l l y c o n f i n e d condit ionsin the s h a l l o w ground water under the evapora t i on sys tem.
T h e s h a l l o w u n c o n f i n e d a q u i f e r ( S t r a t u m B ) cons i s t s o f f i n e t ocoarse sand and contains a basal gravel layer a p p r o x i m a t e l y twoto as much as ten f e e t thick. T h i s s h a l l o w unconf ined a q u i f e ris g e n e r a l l y 25 to 30 f e e t t h i ck and reaches a maximum th i ckne s sof about 55 f e e t near the river. Beneath the evaporation sys-t em, the s h a l l o w u n c o n f i n e d a q u i f e r i s a p p r o p r i a t e l y 20 f e e tthick.
Ground water e l e v a t i o n s in the s h a l l o w u n c o n f i n e d a l l u v i a l aqui-fer are g e n e r a l l y at or above the elevation of the Brazos River.S h a l l o w ground water contours d e v e l o p e d f r o m da ta c o l l e c t e d b i-m o n t h l y since January 1987 g e n e r a l l y show a s p l i t in groundwater f l o w d i r e c t i o n ( F i g u r e 8 - 7 ) . T h e g r a d i e n t s a n d f r equencyof pr edominant g r a d i e n t s have been c a l c u l a t e d and ind i ca t e thatthe s h a l l o w ground water d i s charge s p r e d o m i n a n t l y north to theBrazos River. T h i s gradi en t has reversed three t imes d u r i n g theperiod of record this year ( 1 9 8 7 ) in response to high rivers t a g e , but the r e s u l t i n g s t e e p southern gradient is not main-tained for a long period of t ime, switching from south to westand back to north. A more d e t a i l e d d i s cu s s i on of th i s proces sw i l l be i n c l u d e d in the Ground W a t e r M i g r a t i o n Management RI.
T h e s h a l l o w u n c o n f i n e d a q u i f e r ( S t r a t u m B ) h a s a f i e l d perme-a b i l i t y ( h y d r a u l i c c o n d u c t i v i t y ) ranging f r o m 1.1 x 1 0 ™ 2 cm/secto 4.2 x 10~3 c m / s e c , with an average of about 7.9 x 10"3 cm/ s e c( T a b l e 4-7, 1987 R I ) . T h i s average i s based on w e l l s M W - 2 1 , 23,24 and 25 l o ca t ed in the v / e l l nest on the southern p o r t i o n ofthe site.
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IIIII
s h a l l o w u n c o n f i n e d a q u i f e r i s s epara t ed f r o m a d e e p e r con-f i n e d a q u i f e r ( S t r a t u m D) by a 25 to 35 f o o t t h i ck c l a y aquitard( S t r a t u m C ) . T h i s c o n f i n i n g c lay unit under t h e s h a l l o w uncon-f i n e d a q u i f e r ha s l a bora t ory p e r m e a b i l i t i e s rang ing f r o m 7 .6 x10*7 c m / s e c to 8.4 x 10* l ° cm/ s e c with a median p e r m e a b i l i t y of4.4 x ICr 8 ( T a b l e 4-19, 1987 SCRI) . Pump test da ta in the con-f i n e d a q u i f e r ind i ca t ed a "leakance 1 1 p e r m e a b i l i t y o f 2 . 3 x 1 0 ' 3

t o 1 .4 x 10' 5 c m / s e c , d e p e n d i n g on the model used for the calcu-la t i on ( T a b l e 4-20, 1987 SCRI). A h i g h l y conservative traveltime across the c lay band was c a l c u l a t e d to be 81 years. T h i sc l a y layer r epr e s en t s a p o r t i o n o f th e F l e m i n g F o r m a t i o n , pro-b a b l y a c l a y unit of the E v a n g e l i n e a q u i f e r , and does not a p p e a rto be part of the o v e r l y i n g a l l u v i u m . The presence of a th i ckgravel unit at the base of S t r a t u m B argues s t r o n g l y for anu n c o n f o r m a b l e contact between s tra ta B and C,
S t r a t u m D u n d e r l y i n g the c lay layer is a sand layer t y p i c a l l yf o u n d at d e p t h s between 80 and 100 f e e t be low grade. T h i s aqui-fer averages 10-12 f e e t in th i ckne s s and c on s i s t s of f i n e tomedium grained sand. O c c a s i o n a l l y , thin s i l t and c l a y seams arei n t e r b e d d e d wi th in the sand. The average p e r m e a b i l i t y , trans-r a i s s i v i t y , and s torage c o e f f i c i e n t o f the c o n f i n e d a q u i f e r are5.8 x 10 ' 3 c m / s e c , 1400 g p d / f t and 7 .6 x 104"* ( u n i t l e s s ) ,r e s p e c t i v e l y , (1987 S C R I , T a b l e 4-11).
The c o n f i n e d a q u i f e r at the s i t e could sus tain a s i n g l e dome s t i cwater we l l but p r o b a b l y would not su s ta in a low p r o d u c i n g irri-g a t i o n or m u n i c i p a l p r o d u c t i o n w e l l . A v a i l a b l e d a t a i n d i c a t ethat ground water f l o w d i r e c t i o n w i t h i n the c o n f i n e d a q u i f e r i sg e n e r a l l y toward the northwes t . A c c o r d i n g to the 1987 RI ( p a g e4 - 2 ) , there i s a p o t e n t i a l for a h y d r a u l i c connection betweenthe s h a l l o w u n c o n f i n e d and the d e e p c o n f i n e d a q u i f e r s a t the SDSS i t e , but the r e a l i z a t i o n of th i s connection i s u n l i k e l y .
S t r a t u m E is a c l ay aquitard that u n d e r l i e s the c o n f i n e d a q u i f e rto an unde t ermined d e p t h at the s i te. The labora tory p e r m e a b i l -ity of S t r a t u m E was de t ermined f r o m a s i n g l e s a m p l e to bea p p r o x i m a t e l y 4.5 x 10" l° cm/ s e c .
8 . 4 H a b i - t a t s _ _ a n d r S p e c i e s a t t h e S D S S i t e
S i n c e the s i t e i s l o c a t e d wi th in a g e n t l y s l o p i n g ( 0 . 3 % ) meanderscar area of the Brazos River f l o o d p l a i n , a variety of hab i ta t sar© a v a i l a b l e on s i t e and within the immediate area ( S h e r i d a nand the a d j a c e n t S t y e r e p r o p e r t y to th* e a s t ) . T h e s e i n c l u d e :
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p a s t u r e s a n d h a y f i e l d sriverbank w o o d l a n dwet th i cke t s and w o o d l a n d sf l o o d p l a i n w o o d l a n d sd i s p o s a l ponde v a p o r a t i o n sy s t emC l a r k LakeBrazos Riveroxbow p o n d ( s )c a t t l e p o n d s
In th e SCRI, a to tal o f 125 t erre s t r ia l va s cu lar p l a n t s p e c i e swere i d e n t i f i e d w i t h i n a two-square m i l e s t u d y area. Evidenceof 12 m a m m a l i a n s p e c i e s was o b t a i n e d , 79 bird s p e c i e s ( s ome inf l o c k s of up to 1500 i n d i v i d u a l s ) were d o c u m e n t e d , and two am-p h i b i o u s r e p t i l e s were i d e n t i f i e d in t erres tr ial a n d / o r marshyh a b i t a t s . A t o t a l of nine genera of aquatic s p e c i e s were id en t-i f i e d in C l a r k Lake.
The p r i m a r y s i t e h a b i t a t s and the b i o ta a s so c ia t ed wi th eacharea are summarized in T a b l e 8-5. Any aquatic biota in ephem-eral d i t c h e s , p o n d s and g u l l i e s are assumed to be r epr e s en t ed int h e C l a r k Lake p o p u l a t i o n .
T h r e e s ediment s a m p l e s of C l a r k Lake were obtained in December1985 (See T a b l e 8-6) . The s a m p l e s were taken f r o m th e lower( e a s t e r n ) e n d a n d m i d d l e o f C l a r k Lake. P r i o r i t y p o l l u t a n torganic a n a l y s e s on ly d e t e c t ed m e t h y l e n e c h l o r i d e and d i-n~bu ty lp h t h a l a t e in one s a m p l e at 0.0206 and 0.89 m g / k g , r e s p e c t i v e l y .Both are l i k e l y f i e l d b lank or laboratory contaminants. S a m p l e staken f r o m the u p p e r ( w e s t e r n ) end - the p o r t i o n that receivesr u n o f f d i r e c t l y f r o m the main pond and dike s - was s a m p l e dA u g u s t 27, 1987. R e s u l t s o f a n a l y s i s o f one c o m p o s i t e waters a m p l e and one c ompo s i t e sediment s a m p l e are p r o v i d e d in T a b l e8-7,

h-
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T A B L E 8-5
S u m m a r y o f R e p r e s e n t a t i v e S p e c i e sf o r H a b i t a t s a t t h e S D S S i t e

H a b i t a t
C l a r k Lake

R e p r e s e n t a t i v e P o t e n t i a l
K i l l i f i s hT o p m i n n o wGarG r a s s s h r i m pM u s s e l sS n a i l sWormsH u m a n s

I n s e c t larvaeW a t e r b e e t l e sA l g a eA q u a t i c m a c r o p h y t e sW a t e r f o w lW i l d l i f eDomestic animalsc r a y f i s h

° °

Brazos Riveri All o f the above p l u s :Game f i s hT r a s h i ' i t * h ( s h a d , c a r p , t h r e a d f i n , e t c . )Commerc ia l f i s hA l l i g a t o r

O

On-sita h a b i t a t s(Ephemeral p o n d s ,g u l l i o s and lowl y i n g a r e a s )

T e r r e s t r i a l H a b i t a t s :Pasture p l a n t s c a t t l e" O l d f i e i d " s p e c i e s( n a t i v e t a l lgrasses and w e e d s )H u m a n sI n s e c t sA v i f a u n a

W i l d l i f e

Domest i c a n i m a l sS o i l inver t e bra t e sW i l d f r u i t s

E v a p o r a t i o n sys t emand s tock p o n d s S a m e a s f o r C l a r k Lake ,except Gar
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T a b l e 8-6

P r i o r i t y P o l l u t a n t G C / M S A n a l y s i s o fC l a r k Lake S e d i m e n t s , December 1985

C o m p o u n d s D e t e c t e d f m g / k g l
V o l a t i l e F i ' a c t i o n :M e t h y l e n e C h l o r i d e
A c i d F r a c t i o n :Benzoic A c i d
B a s e / N e u t r a l F r a c t i o n :Di-n-butyl p h t h a l a t e
P e s t i c i d e / P C B :

0.0206*

N D

0.890*
N D

N D

N D

N D
N D

N D

N D

N D
N D

MD

O

N D - N o t d e t e c t e d* P o s s i b l e lab c on taminant .
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8990 T A B L E s - /
S u m m a r y o f D e t e c t e d H S L C o m p o u n d s i n S a m p l e s C o l l e c t e d 0 8 / 2 7 / 8 7F r o m t h e we s t E n d o f C l a r k L a k e

P a r a m e t e r

V O L A T I L E O R G A N I C S
S E M I V O L A T I L E O R C A N I C S
P E S T I C I D E S

' 4 . 4 ' - O D D
P C B S

M E T A L SA l u m i n u mA r s e n i cB a r i u r nB e r y l I i urnC a I c i u r nC h r o m i u mCoba 1 1C o p p e rI ronL e a d
M a o n e s i urnM a n g a n e s e
M e r c u r yN i c k e lP o t a s s i urnS o d i u mV a n a d i u r nZ i n c

T o t a l C y a n i d e

L a b . N O . 64403-001C o m p o s i t ew a t e r S a m p l e
* * " * ^ * ' * " - ' " ' M » ^ » « " » * » ^ * - B — ^

( m g / i )
<Q.005=<0.025
<0.010~<Q.050

<0.0002
<0.001-<0.002

15
0.032
0.260
0.001

63
0.010

<0.010
0.024

13
0.01211
0.460

0.0009
<0.04017
24
0.040
0.070

<0.010

L a b . N O . 64403-002C o m p o s i t eS e d i m e n t s a m p l e
( m g / l )

< 0 . 5 0 0 - < 2 . S O O
<0.330-<1.600

0.016
<0.080-<0.160

14100
8.000

140
0.900

24100
20

6
12

16500
17

8200
300

<0.050
20

3000
200

18
46
<1.000

o

s—
O

8-21



III
I

9 - J & A T H W A Y A N A L Y S I S A N D . E X P O S U R E A S S E S S M E N T ;OF APPROACH
T h e p o s s i b i l i t y f o r human e xpo sur e t o c o n s t i t u e n t s f r o m sourceareas at a s p e c i f i c s i t e is de t ermined by s i t e - s p e c i f i c p h y s i c a lc o n d i t i o n s , most i m p o r t a n t of which are:

1. C l i m a t e2 . T o p o g r a p h y3 . D i s p o s a l f a c i l i t i e s4 . A c c e s s5. S u r r o u n d i n g l a n d u s e6. H y d r o l o g i c and g e o l o g i c s e t t i n g
T h e p r o b a b i l i t y o f e xpo sure f o r a s p e c i f i c s i t e i s d e p e n d e n tupon a c c e s s i b i l i t y and l andu s e . The route or p a t h w a y of e xpo-sure i s d e p e n d e n t upon c l i m a t e , t o p o g r a p h y and the l o c a t i o n ,c o n d i t i o n a n d nature o f t h e d i s p o s a l f a c i l i t i e s f o r t h e s p e c i f i csite. The level of exposure is dependent upon the sourcec h a r a c t e r i s t i c s ( c o n c e n t r a t i o n , d i s t r i b u t i o n a n d t o p o g r a p h i ce xpo sur e o f c o n s t i t u e n t s o f concern) and the p o s i t i o n of thesource (s) w i t h respect t o p o t e n t i a l r e c ep tor areas. The expo-sure event d e p e n d s upon a r e c ep tor sp e c i e s ( e . g . , m a n ) b e ingpre s ent in the r e c ep tor area to i n t e r c e p t a re l ease f r o m thesource.
9. 1 S u m m a r y of A c t u a l and Assumed _S_ite Cond i t i on s
A base l ine risk assessment assumes no remedial action and isp e r f o r m e d to evaluate the most p r o b a b l e , worst-case e xpo sur e sthat might occur at a s i t e , given the c o n d i t i o n s s p e c i f i c tothat site. In the case of the S h e r i d a n S i t e , the s i t e - s p e c i f i cc o n d i t i o n s are curr en t ly: 1} r e s t r i c t ed access; 2) a g r i c u l t u r a lland use; 3) no r e s i d e n t i a l d e v e l o p m e n t on or a d j a c e n t to thes i t e ; and 4) no w e l l s in the s h a l l o w a q u i f e r d o w n g r a d i e n t o f thed i s p o s a l f a c i l i t i e s . H o w e v e r , a t th e s p e c i f i c request o f EPARegion V I , t w o a d d i t i o n a l i m p r o b a b l e s i te c o n d i t i o n a s s u m p t i o n sar e evaluated in A p p e n d i x F. T h e s e a s s u m p t i o n s are:
1. R e s i d e n t i a l d e v e l o p m e n t i m m e d i a t e l y a d j a c e n t to the d i s p o -sal area; and
2. A water w e l l in the s h a l l o w u n c o n f i n e d a q u i f e r at the edgeof the d i s p o s a l area.
T h e s e a d d i t i o n a l a s s u m p t i o n s are i m p r o b a b l e because the landu^ep o s t u l a t e d is not l i k e l y at the s i te.

v-
O

9-1
E789



I
I
I
I

F o r t h e s t a n d a r d b a s e l i n e risk a s s e s sment , t h e f o l l o w i n g s i t econdi t i on s are considered:
1. Current S i t e C o n d i t i o n s - f e n c e d , res tricted s i te wi th nor e m e d i a t i o n and e x i s t i n g l a n d u s e and l o c a t i o n s of humanhabi tat ion. T h i s is S i t e Cond i t i on 1 and is discussed inS e c t i o n 10.
2. F u t u r e S i t e C o n d i t i o n s - a s suming c o m p l e t e abandonment andno r emedia t i on of the s i te.

Most p r o b a b l e f u t u r e l a n d u s e i s based on e v a l u a t i o n ofs i t e - s p e c i f i c l a n d u s e p o t e n t i a l . T h i s i s S i t e C o n d i t i o n 2and is d i s cu s s ed in S e c t i o n 11. S i t e c o n d i t i o n s wou ldi n c l u d e :
( 1 ) N o remedial act ion.
( 2 ) N o access re s tr ic t ion.
( 3 ) F u t u r e r e s i d e n t i a l cons truc t i on o u t s i d e t h e BrazosRiver f l o o d p l a i n .
( 4 ) Continued a g r i c u l t u r a l / s y l v i c u l t u r a l ' i s e o f t h e l a n d sin the Brazos River f l o o d p l a i n .

9 . 2 S u m m a r y o f Pathway A n a l y s i s
The necessary e l ement s for any human expo sure to c h e m i c a l s irthe environment are:
1.
2.

3.

4.

A source;
A mechanism of chemical releaseenvironment; f r o m the source to the
A p a t h w a y by which chemical s can get f r o m the release p o i n tto a r e c ep t or area; and
A human r e c ep t or present in the receptor area at the t imeof chemical arrival.

For a pathway to be c o m p l e t e , all f o u r elements of exposure mustbe pr e s en t . For a direct contact e xpo sur e , the mechanism ofchemical release and the pathway to the human receptor do nots tand as s e p a r a t e and indep enden t c o m p o n e n t s , but are in s t eadcombined in the process of direct phys ical contact with s l u d g eox , a f f e c t e d so i l*
The p o t e n t i a l p a t h w a y s o f interest a t th e S h e r i d a n S i t e opera t ethrough f o u r environmental media: A i r , S u r f a c e W a t e r , S o i l andGround W a t e r . T h e s e media each d e f i n e on© or more t r a n s p o r tmechanisms by which chemicals might move from source to receptor
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and are used in the f o l l o w i n g s e c t i on s and sub s e c t i on s to cate-gorize s p e c i f i c exposure pathways .
In thi s sect ion, al l the p o s s i b l e s i t e - s p e c i f i c sources andp a t h w a y s ar e f i r s t i d e n t i f i e d , then screened t o d e t e rmine i fthey are c o m p l e t e or i n c o m p l e t e ( i . e . , have a human r e c e p t o r )under each of the three s i t e c o n d i t i o n s .
Once it is d e t ermined which p a t h w a y s are c o m p l e t e and which arei n c o m p l e t e for each s i te c o n d i t i o n , an expo sure asses sment i sp e r f o r m e d f o r t h e c o m p l e t e d p a t h w a y s . T h e expo sure as se s smentinvolve s: 1} a d e t e r m i n a t i o n of c a l c u l a t e d or actual measuredexposure l e v e l s at i d e n t i f i e d receptor l o ca t i on s ; and 2) ahea l th-ba s ed assessment o f any r j . s k s which might re sul t f r o mexposure to various source mat er ia l s via the compl e t ed pa thways .
The remainder of this section provide s an overview of the pa th-ways cons idered for each of the three s i te c o n d i t i o n s - Current( a c t u a l ) and two h y p o t h e t i c a l abandoned condi t ions . S e c t i o n 10d e t a i l s th e expo sure a n a l y s i s under current s i t e c o n d i t i o n s .S e c t i o n 11 d e t a i l s the exposure ana ly s e s under assumed s i t eC o n d i t i o n 2. All evaluated expo sure scenarios assume no r emedia lac t ion.
9- 3 Sou_rce_s _at i:he SDS_ S i t e
A s i t e map wi th l o c a t i o n s of r e l ea se sources is p r o v i d e d inS e c t i o n 2, F i g u r e 2-2. The primary source is the main pond .S e c o n d a r y sources i n c l u d e the main pond d i k e s , the evapora t i onsystem s ludge s and s o i l s . For purpose s of this as se s sment,s torage tanks l o ca t ed on the east s id e of the dike may const i-tute a smal l a d d i t i o n a l po int source under assumed f u t u r e s i tec o n d i t i o n s . T h e y are not cons idered s e p a r a t e l y since they con-tain the same m a t e r i a l s as present in the p o n d , and would d r a i n(if r u p t u r e d ) t o th e p o n d . M a t e r i a l charac t er i s t i c s and consti-tuent s for the i d e n t i f i e d sources are p r o v i d e d in S e c t i o n 3.
9.4 Pathway ^ . I d e n t i f i c a t i o n and _Sc_r_eenlng
A l l p o t e n t i a l p a t h w a y s f o r t h e S h e r i d a n S i t e a r e a n a l y z e d i nT a b l e 9-1 in terms of transport media, release sources and re-l ea s e mechanisms. T h e s e p a t h w a y s have been as s igned Romannumerals c o rr e spond ing t o t h e transport media ( A i r = I, S u r f a c eW a t e r * « I I , S o i l » I I I , a n d Ground W a t e r « I V ) a n d a l e t t e rindiuatinc; a d i s c r e t e combination of re l ea s e mechanism and humanexposure route. The^e codes vcra i n c l u d e d in the t a b l e to h e l pcro s s-re f erence the d i s cu s s i on s in the f o l l o w i n g s ec t ions andsubsec t ions.
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S i m i l a r l y , the three s i t e c o n d i t i o n s be ing eva lua t ed are indi-cated in the r igh t h a l f of T a b l e 9-1 as column header s . Eachpa thway has been de s igna t ed as c ompl e t e (yes) or in c ompl e t e (no)f or each s i t e c o n d i t i o n for the reasons i n d i c a t e d in the co lumnst i t l e d " W h y ? " .
9.5 CQmpl_e_t_e_ Pathways _f or j : o _ l _ t _ l n _ _ l
As i n d i c a t e d in T a b l e 9-1, there are f o u r c o m p l e t e p a t h w a y s f orhuman exposure under current s i te c o n d i t i o n s * T h e s e are:
1 . I n h a l a t i o n o f v o l a t i l i z e d c o n s t i t u e n t s ( P a t h w a y X A ) ;
2 . I n h a l a t i o n o f c o n s t i t u e n t s i n w i n d b l o w n dust ( P a t h w a y 1 C ) ;
3 . S u r f a c e water r u n o f f t o C l a r k Lake ( P a t h w a y I I A ) ; i n g e s t i o nof water by c a t t l e , w i th p o s s i b l e human c o n s u m p t i o n o fc a t t l e ; and
4. P o s s i b l e c o n s u m p t i o n of organi sms f r o m the Brazos River,which receives ground water f r o m the s i t e ( P a t h w a y IVB) .
9 . 6 C o m p l e t e d _ P a t h w a y s _ for S i t e Condit ion. 2
S i t e C o n d i t i o n 2 assumes no r emed ia t i on and t o t a l abandonment incombinat ion wi th most p r o b a b l e f u t u r e l a n d u s e ( a g r i c u l t u r a l ) f o rthe surrounding area. A g r i c u l t u r e should remain the prime l a n d -use and the current number and l o c a t i o n of d w e l l i n g s w i t h i n theBrazos F l o o d p l a i n area (see F i g u r e s 8-5 and 9-1) shou ld notchange. H o w e v e r , because the s i t e is assumed to be a b a n d o n e d ,h u n t i n g and f i s h i n g are assumed to occur on-site and in andaround C l a r k Lake and l ive s tock graz ing is assumed to beu n r e s t r i c t e d .
C o m p l e t e d p a t h w a y s under S i t e C o n d i t i o n 2 inc lude:
1. inhalat ion of v o l a t i z e d const i tuents (Pathway IA) .
2. T a n k rupture into main pond and subsequent v o l a t i l i z a t i o n(Pathway I B ) .
3. I n h a l a t i o n o f c o n s t i t u e n t s in windb lown dust ( P a t h w a y 1C).
4 . S u r f a c e water r u n o f f to C l a r k Lake and inge s t i on of waterby c a t t l e vith p o s s i b l e human consumption of ca t t l« (in-c l u d i n g Pond o v e r t o p p i n g ; Pathways I I A a n d T I B ) , t V v . m i m p -t ion of f i s h is not in c luded because C l a r k Lake does nots u p p o r t e d i b l e spec i e s c f f i s h .
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5.

6.

7.

8.

Direct contact w i t h pond water and s l u d g e ( P a t h w a y s l ie andI I I A ) .
P o s s i b l e c o n s u m p t i o n o f organi sms f r o m the Brazos Riversubsequent t o bank f a i l u r e ( P a t h w a y I I D ) ,
P o s s i b l e i n g e s t i o n o f p l a n t s o r a n i m a l s growing on a f f e c t e ds o i l s ( P a t h w a y I I I C ) .
Pos s i b l e consumption of organisms f r o m th© Brazos River,which receives ground water f r o m the s i t e ( P a t h w a y IVB) ,

For th e p u r p o s e s o f direct e xpo sure c a l c u l a t i o n s , c o n s u m p t i o nand contact w i th main pond water was not c on s idered in S i t eC o n d i t i o n 2. Risks a s s o c ia t ed wi th dermal and g a s t r o i n t e s t i n a la b s o r p t i o n of c o m p o u n d s pr e s en t in main pond water are recog-n i z e d . H o w e v e r , the c onc en t ra t i on of these c o n s t i t u e n t s in mainpond water, as compared to main pond s l udge s < are very small andwould not impac t the overall risk c a l c u l a t e d due to e xpo sure tos l u d g e .
9 .7 K_ep r e_s en ta t i v_e Const i tu ent_Co ncen t ra t i o ns
All o f t h e q u a n t i t i e s and concen tra t i on s used f o r p r e d i c t i o n o fexpo sure l e v e l s in the risk as s e s sment s for each s i t e c o n d i t i o nare summarized in T a b l e 9-2. Q u a n t i t i e s and concentrat ions are" c o m p a r t m e n t a l i z e d " in order to s u p p l y c o m p a r t m e n t - s p e c i f i cl oad s to the mode l s required to p e r f o r m the pathway analyse s andderive the e xpo sur e c oncen tra t i on s .
P l e a s e note that these values are al l c a l c u l a t e d d i r e c t l y f r o mthe numbers p r e s e n t e d in S e c t i o n 3, T a b l e s 3-2, 3-3, 3-7, 3-8,3-9, and 3 »lo (1987 data gathered by E R M - S o u t h w e s t ) and numberspre s en t ed in the text and A p p e n d i c e s of the Source C o n t r o l RI( J u l y , 1 9 8 7 ; d a t a ga thered b y E P A , T W C a n d R E I ) . T h e ranges o fdata for each compartment are summarized in T a b l e s 4-1 and 4-2,S e c t i o n 4.
P l e a s e note a l s o t h a t , except f or pond water, th e r e p r e s e n t a t i v eva lue s summarized in T a b l e 9-2 are NOT the same as those c a l c u l -ated for and presented in S e c t i o n 7. The representative values,i.e., ( m i n + m a x ) / 2 , given in T a b l e s 7-1 and 7-2 were d e v e l o p e df o r t h e p u r p o s e o f c o m p l e t i n g t h e i n d i c a t o r s e l e c t i o n proces s .T h i s proce s s did not require c o m p a r t t n e n t a l i z a t i o n by source areabecause the in cKcavor s e l e c t i on piroce^s ^Gkes i n t o account onlythe worst-case compartments (s^e te^t discucsion related to cal-c u l a t i o n of ind i ca tor chemical I S - V a l u e s , T a b l e s 7-7, 7-8 and7«9 in S e c t i o n s 7 .3 .2 and 7 . 4 and A p p e n d i x E-l c a l c u l a t i o nt a b l e s f o r d e t a i l ) .
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X O - P A T H W A Y A N A L Y S E S A N D E X P O S U R E A S S E S S M E N T :
C U R R E N T S I T E C O N D I T I O N S

In accordance with the ra t ionale di s cus sed in S e c t i o n 9, thi ss e c t ion p r e s e n t s a p a t h w a y a n a l y s i s and e xpo sur e as se s sment f ort h e S D S S i t e under current ( a s i s ) s i t e c o n d i t i o n s . T h e s ec ond i t i on s are:
1) R e s t r i c t e d access - the o n l y humans wi th access to the in-side of the f enced perimeter of the waste d i s p o s a l area arethe s i t e owner and au thor i z ed p e r s o n n e l .
2 ) I n t a c t d ike s a n d tanks ( i . e . , n o overland f l o w f r o m t h emain pond or emission sources other than the pond forv o l a t i l e s ) ,
3 ) M a i n t e n a n c e o f f a c i l i t y ( e . g . , p u m p i n g o f water f r o m mainpond to e v a p o r a t i o n sys t em on an as-needed b a s i s ; f e n c e anddike r e p a i r ) .
4 ) N o d o w n g r a d '
5 )

M use of s ha l l ow ground water.
N e a r e s t o f f - s i t e human r e c ep tor i s a s i n g l e - f a m i l y t empor-ary res idence ( t r a i l e r ) south of C l a r k Lake wi th a w e l lcompl e t ed upgrad i en t of the d i s p o s a l f a c i l i t i e s at a d e p t ho f 135 f e e t ( M W - 1 1 ) . The nearest permanent re s idence i sthat of the s i te owner, one mi l e s o u t h e a s t ,

F r o m T a b l e 9-1, S e c t i o n 9, S i t e C o n d i t i o n 1, i t can be seen thatthe on ly c o m p l e t e d p a t h w a y s are:
1) Air - i n h a l a t i o n of dust and vapor on-site and at nearestresidence.
2 ) S u r f a c e W a t e r - r u n o f f t o C l a r k Lake
3) Ground W a t e r - s e epage o f l ea cha t e f r o m d i s p o s a l area toground water and subsequent t ranspor t to the Brazos River.

Each of the p a t h w a y s is de s cr ibed and evaluat ed in the f o l l o w i n gsec t ions.
10.1 Air E x p o s u r e P a t h w a y

10.1.1 P o t e n t i a l S o u r c e s and Pathways
The air exposure pa thway is p o t e n t i a l l y c o m p l e t e d to a humanrec ep tor under e x i s t i n g s i te c o n d i t i o n s only through twomechanisms: l) v o l a t i l i z a t i o n o f organic constituents and 2)wind-b lown dus t . V o l a t i l i z a t i o n on ly needs to be evaluated for
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organic compounds since meta l s g e n e r a l l y do not vapor ize underambient t e m p e r a t u r e and pre s sure c o n d i t i o n s . w i n d - b l o w n dustneeds to be eva lua t ed on ly for m e t a l s and PCBs to avoid d o u b l eaccount ing o f h i g h l y v o l a t i l e organic s .
In i t s current c o n d i t i o n , there are two p o t e n t i a l sources forv o l a t i l e organic emis s ions at the S h e r i d a n s i t e: 1) the l i q u i d s ,tars and s l u d g e s contained in the main p o n d ; and 2) expo s edareas of contaminat ed s o i l s o u t s i d e the main pond ( d i k e s , ex-posed was t e s , and two small areas in the f i r s t ce l l of thee v a p o r a t i o n s y s t e m . )
V o l a t i l i z a t i o n o f organi c s f r o m the pond and soil s u r f a c e s i sreduced by several f a c t o r s , i n c l u d i n g the concentration andchemical nature o f the v o l a t i l e s a t the p h y s i c a l i n t e r f a c e s( e . g . , water-air i n t e r f a c e , o i l -wat er i n t e r f a c e , s o i l - w a t e ri n t e r f a c e , s o i l - a i r i n t e r f a c e , e t c . ) . V a r i a t i o n i n c l i m a t i cf a c t o r s such as seasonal t emperature , wind speed and d i r e c t i o n ,r a i n f a l l , h u m i d i t y , s u r f a c e cover, e t c . , a l s o op era t e t o l i m i tor increase both v o l a t i l i z a t i o n and w ind-b l own dus t .
Assuming that the ambient air is a f f e c t e d by v o l a t i l i z a t i o n andwind-b lown d u s t , t h e p r i m a r y c o n s i d e r a t i o n s d e t e r m i n i n g expo sureare 1) r e c ep tor l o c a t i o n with re spec t to p r e v a i l i n g w i n d s , and2) the level and d u r a t i o n of the expo sure at the p o i n t of con-tact . T h e s e a sp e c t s are d i s cu s s ed in the f o l l o w i n g s ec t ions.

10.1.2 P o t e n t i a l Recep tor s
The s i t e is very remote and is we l l removed f r o m any m a j o rt h o r o u g h f a r e s . only one permanent residence is l o ca t ed wi th inone m i l e of the s i te ( F i g u r e 9 - 1 ) - the home of the s i t e owner,Mr. Duane S h e r i d a n . A t emporary t r a i l e r re s idence i s a l s ol o ca t ed w i t h i n one m i l e o f the s i t e , j u s t south o f C l a r k Lakeand west of the s i te access road, and is currently inhabited byo n e o f M r . S h e r i d a n ' s sons.
Land use w i th in a f o u r - m i l e radius of the s i te is a g r i c u l t u r a l ,p r i m a r i l y cons i s t ing o f pas ture , h a y f l e l d s and rangeland. Thesmal l community o f Brown C o l l e g e , T e x a s ( F i g u r e 2-1) i s the mostp o p u l a t e d area wi th in a f o u r - m i l e radius and cons i s t s o f a p p r o x -i m a t e l y 20 houses s ca t t ered s p a r s e l y throughout the communityarea. No other communities or housing deve lopment s exist wi th ina f o u r - m i l e radius . The p o p u l a t i o n f or th e f o u r - m i l e radius i snot K n o w n , bui, a t o t a l of 123 re s idence s ccsur wi th in th i sradius ( S C R X , J u l y 1 9 8 7 ) .
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The o n l y o ther p o t e n t i a l r e c ep t or s in the area are numerouss p e c i e s o f w i l d l i f e - p a r t i c u l a r l y b i rd s - that f e e d a n d / o r neston and near the s i te . A d d i t i o n a l l y , the s i t e owner has a n i m a l si n c l u d i n g c a t t l e , sheep, goats and p i g s that are maintainedo u t s i d e the f e n c e d area of the s i t e .
10.1.3 Air P a t h w a y .Exposure Asse s sment

Based on the a v a i l a b l e d e m o g r a p h i c d a t a summarized above, one ofthe c o m p l e t e d expo sure routes requiring eva lua t i on for the a irpathway i s p o s s i b l e inha la t i on of chemicals r e s u l t i n g f r o mchronic l ow- l ev e l v o l a t i l i z a t i o n o f organic s f r o m the open waters u r f a c e of the main p o n d . The other compl e t ed exposure route i si n h a l a t i o n of m e t a l s and PGBs in wind-b lown dus t f r o m barrenareas of the s i t e ( i . e . , bare dike s and borrow pit a r e a s ) .
To c a l c u l a t e the expo sure f r o m v o l a t i l i z a t i o n , a model was de-ve loped which assumes the maximum detected pond water concen-t r a t i o n s ( s e e T a b l e 4-1) f o r each o f t h e d e t e c t e d i n d i c a t o rorganic s as the worst-case source load under ambient c o n d i t i o n s .Emis s i on rates f r o m the water us ing these concentrat ions weree s t imat ed by the method o f L i s a and S l a t e r 1982 (see A p p e n d i xG - l ) .
The e s t imated exposure was evaluated at two p o t e n t i a l receptorl o c a t i o n s : a) the top of the pond dike sy s t em; and b) at thet emporary t r a i l e r . H o u r l y d a t a a v a i l a b l e f r o m t h e H o b b y A i r p o r tweather s t a t i o n in southeas t H o u s t o n , T e x a s f or wind speed andd i r e c t i o n were used to model maximum 8-hour average expo sure s atthe dike and the t ra i l er for each of these ^cenarios. In add i-t i on , a maximum a n n u a l i z e d average exposure was m o d e l e d us ingannual average metero logical condit ions for the site area. Allair m o d e l i n g for thi s scenario was p e r f o r m e d by P i l k o & Asso-c ia t e s , H o u s t o n us ing t h e T e x a s c l i m a t o l o g i c a l M o d e l , V e r s i o nS A B ( f o r 8-hr a n d 30-min maximum a v e r a g e ) . ( S e e A p p e n d i x G - lfor a ir m o d e l i n g da ta and a c o m p l e t e d e s c r i p t i o n o f the m o d e l sused for ca l cu la t i on of emission and d i s p e r s i o n of v o l a t i l e sf r o m t h e p o n d . )
M e t a l s were not cons idered in the v a p o r i z a t i o n m o d e l s for thepond due to t h e i r very low v a p o r i z a t i o n cons tant s . H o w e v e r ,t n e t a l s were evaluated for airborne dust derived f r o m barrenareas of the d ike s and borrow areas around the main p o n d .
Qrganies other than PCBs weie not considered in dus^s due tor e la t iv e ly high vaporizat ion rates ana g enera l ly very luw con-c entrat ions in s i te s o i l s . Emis s ion rates for dust were basedon avoirage cons t i tuent concentrat ions for al l s a m p l e d dike s o i l s
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( S e e T a b l e s 3-8, 3-9, 9-2 and A p p e n d i x £ - 1 ) and us ing winderosion rates f o r soil e s t imated u s ing C o w h e r d ' s method ( E P A6 0 0 / 8 8 5 / 0 0 2 , F e b r u a r y 1 9 8 5 ) . C o n c e n t r a t i o n s o n - a n d o f f - s i t e(at the t r a i l e r l o c a t i o n ) were estimated using two d i s p e r s i o nm o d e l s [ t h e B o x M o d e l ( S c h l e s i n g e r , e t a l 1 9 8 7 ) a n d T u r n e r ' s1970 G a u s s i a n m o d e l ] . ( S e e A p p e n d i x G - 2 f o r a c o m p l e t ed e s c r i p t i o n o f these m e t h o d s ) .
10.1.4 Eradiated Exposure Leve l s for V o l a t i l e Qraanics

T h e r e s u l t s o f t h e m o d e l i n g f o r v o l a t i l e organics a r e pr e s en t edin T a b l e s 10-1 and 10-2. The mode l ed r e s u l t s i n d i c a t e that norisk to human h e a l t h or the environment c u r r e n t l y e x i s t s f r o morganic emis s ions f r o m the pond s u r f a c e at the site. Even con-s e r v a t i v e l y a s suming a receptor at the d i k e , none of the com*pounds come close to reaching T e x a s Air Control Board (TACB)recommended E f f e c t s S c r e e n i n g L e v e l s f o r annual average s , assum-ing a wind speed of three m / s e o . Air emi s s i on s c onc en tra t i on sm o d e l e d a t the t r a i l e r ( T a b l e 10-2) average about l / 1 0 0 t h o f th evalue s at the d ike* T h e s e mode l ed r e s u l t s are cons i s t ent wi thactual site a ir monitoring re su l t s ( S e c t i o n * . 3 ) co l l e c t ed f orthe SCRI and by E P A .
10.1.5 P r e d i c t e d Expo sur e L e v e l s f o r M e t a l s m_Wj.nd-Blo_wnDust

T h e r e su l t s o f t h e m o d e l i n g f o r expo sure l e v e l s o f i n d i c a t o rmeta l s and PCBs in wind-blown dust are presented in T a b l e s 10-3( e m i s s i o n s r a t e s ) and 10-4 ( r e s u l t a n t expo sure l e v e l s ) . As w i t hv o l a t i l e emis s ions f r o m th e p o n d , t h e r e su l tan t c onc en tra t i on sboth on-site and o f f - s i t e - even at the edge of the d i s p o s a larea and u s ing the more conservative G a u s s i a n d i s p e r s i o n mode l-indica t e no h e a l t h e f f e c t s . All short-term concentrat ions arewel l below a v a i l a b l e I D L H a n d T L V values . A l l annual concentra-tions are well below TACB screening l eve l s for concentrations atf a c i l i t y p r o p e r t y l i n e ( T A C B , 1 1 / 1 9 / 8 7 ) .
10.2 surface , water J S x p o g u r e J E a t h w a v
S u r f a c e water pathways l ead ing to Clark Lake are incompl e t e forchronic exposure due to the lack of e d i b l e s p e c i e s of aquaticorganisms in the lake. However, l ives tock be longing to theS h e r i d a n f a m i l y do use the lake and con sumpt ion of these c a t t l eby humans is p o s s i b l e . D e t a i l s of the p o t e n t i a l e f f e c t on l ive-s tock are more f u l l y d i s cus s ed in S e c t i o n 11.4.3. wate^ q u a l i t yand sediment analys e s tor the lake (s ea T a b l e 8-7} do not she;/any concentrations in either sediment or water that are incon-sis tent with normal a g r i c u l t u r a l usage o f s i m i l a r p o n d s . For
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II C O ' 1 T J U K E 10-1
S u s w a r y o f M o d e l e d A i r E x p o s u r e c o n r e n t r a t i ons

o f i n d i c a t o r o r g a n i c ! under A H O i e n l C o n d i t i o n s • T o p o f

I
II

t h e o r e t i c a l E x p o s u r e c o n c e n t r a t i o n s

I

w i n d s p e e d . 1 « / i e c

M a x i m u m uaxiaura
i n d i c a t o r 6-Hom A n n u a l i z e d
C t w a i c a i A v e r a g e A v e r a g e

Benzene 0-22090 0.02919

E l f n i o e n z e n e o 19005 o 0 7 5 1 1

T c t r a c h l o r o e t h y l e n e 0 1530 0.0204

T o t u C n c 0 6 4 S S 9 0 066029

T M C f t l o r O e l h v t e n e O . 9 9 1 0 . 1 3 1

N a p M f i a . e n e o o i«9S 0 001157

P f t e n O I 0 2 1 1 7 3 0 0 2 9 4 1 9

......................... , ; ' ] . ' / ' \..:-3m\
n m d s p e e d 3 m / s e c T L V - T W A

....................... ................... TAC8
M a x i m u m M a x i m u m M a x i m u m 8 - H 0 u r A v e r a g e C u i a e i t r t e s J
s -MOU i Annua I i zed ................... .............. jl
A v e r a g e A v e r a g e i n p p m i n c s / n 3 A n n u a l U f l / " « 3 > 1

^
0 3 9 2 6 3 0 OS 207 10 3 1 . 9 4 0 1 ^ 1

0 1 3 P 3 3 0 04474 100 433.980 41$ *** 1

0 1760 0 0365 50 336 .999 333 *— 1
01 115696 0 . 0 1 5 3 4 5 tOO 376.700 U5 1

1 - 7 7 0.134 50 2 6 8 . 5 4 2 !15 |

0 03044 0 00404 10 51 .190 ' I

0 . 5 9 7 3 ) 0 07925 5 19.240 • ,1

source P i i k o & A s s o c i a t e s . A u g u s t i a . 1987

N O T E E x p o s u r e s a r e b a s e d o n e r a i s s t o n s r a t e s c a l c u l a t e d ( r a n t n e max imum o b s e r v e d c o n c e n t r a t i o n
f o u n d t n t n e pond w a l e r . a s s u m i n g a n a m b i e n t a i r t e m p e r a t u r e o f 2 5 d e g r e e s c e n t i g r a d e .
S e e T a b l e 7 - 1 ( o r as sumed w a t e r c o n c e n t r a t i o n s .

T A C S ' T e x a s A i r contro l Board, curr en t s c r e e n i n g l e v e l s f o r maximura annual
a v e r a g e c o n c e n t r a t i o n s d a t e d n / 1 9 / a ? /

1 S f K x l - l e r m l i m i t more r e s t r i c t i v e - a n n u a l I i « i I does n o t a o P ' V
T A C B 3 0 - m i n u t e i ' m i t s a r e 4 4 0 u g / m j t o r N a p h t h a l e n e a n a t s o u g / m 3 l o r P h e n o l
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III 10-1
S u m r t i r v o f w o d e i e d A i t E x o o i y r e C a n c e n c r a t ions

o f i n d i c a t o r Qigantct u K J f l f A m b i e n t C o n d i t i o n s • T r a i i « r s o u i n o f C l a r k

c o n c a n i r a t ions

i n d i c a t o r

Benzene

E t h y l benzene

T..,.eB,.,«,»,,w

T o t u e n e
T f t c h l o r o e l h y l e n o

N a p h t h a l e n e

P M « O I

w m d i e e a d i »/«*K w r m j s n e e d 3 a / s a c Tvv-Tft* .
uax isium Max i BUR Max i mm maximum MAX i aura S-MOOI A v t s a g e G u i d e - *n«s
S - M o u r A n n u a l i r e d 8 - M Q t i r A n n u a l ued .................... ..............
A v e r a g e A v e r a g e A v e r a g e A v e r a g e i n p p m i n u ^ / m j A n n u a l t u g / m i )

0 0191 0 O C 1 4 8 C - 0 5 1 9 0 0.00164 10 11.940 1

3 0157 0 00117 0 0 4 S 6 7 0.00117 100 413.990 435

0 0104 0.0010* 0.0363 O . O O t S S SO 3 3 6 . 9 9 9 335

0 08573 000436 0 . 1 3 1 9 2 O . C 0 7 7 8 100 376.700 375

3 1310 0 00664 y .;»3 ft. 0119 SO 168, S41 n)

0 00114 G OCOU 0-00401 0 00010 10 31.390 *

0 0 2 9 1 1 0 00149 9 07858 0 00401 3 19.140 *

00

o

S o u t c e P i U o & A u g u s t 1 8 . 19*7

£ i o o 5 u r o i a r e caied o n e s i i i i o n s f a t e s c a t c u U t e d f r o m I f i e o a x i A u n ob s e rved c o n c e n t r a t i o n
f o u n d m i h e pond w a t e r , i s s u m i r t g a n a m b i e n t a i r l e n v e r a t u t e o f i s d e g r e e s c e n t i g r a d e .
S e e t a b l e ? - i ' o t a s sumed w a t e r concent r a t ions

T e x a s \ u c o n t r o l B o a r d , c u r r e n t s c r e e n i n g l e v e l s l o r max imum a n n u a l
a v e r a g e c o n c e n t r a t i o n s d a t e d

• & h o M - i e r m l i m i t more r e s t r i c t i v e • annual l i m i t dees n o t a o p ' v
T A G S 3 0 - m i r w t e : . m i t i a r e 4 4 0 u g / r c 3 ( o r N a p h t h a l e n e a n d I S O u g / m 3 l o r P h e n o l
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coos T A B L E 10-3
W i n d E r o s i o n e m i s s i o n R a t e s f o r I n d i c a t o r M e t a l s a n d P C & si n A v e r a g e D i k e S o i i s

i n d i c a t o rC o m p o u n d

A v e r a g eC o n c e n t r a t i o nf o r D i k e S o i i s( m g / k Q )

E m i s s i o n R a t e *
S h o r t - T e r m( a / s e c ) A n n u a lC u g / s e c )

C h r o m i u m
L e a d
N i c k e l
Z i n c
P C B S

13
149

12
285

10

0.032
0.364
0.029
0.695
0.024

1.6
17.9

1.4
34.2

1.2

LA
CD

O

• A s s u m e s a t o t a l r e s p i r a b l e p a r t i c i p a t e e m i s s i o n s r a t e f o r t h ee x p o s e d s o i l n o a c r e s ) o f 2,440 Q / S f o r s h o r t - t e r m ( w o r s i -c a s e ) a n d 0 .12 Q / S f o r a n n u a l ( s e e A p p e n d i x C - 2 ) . F o r t h i sa n a l y s i s , t h e r e c e p t o r i s c o n s e r v a t i v e l y a s s u m e d t o b e d o w n w i n da t a i t t i m e s - t h a t i s , n o c o r r e c t i o n i s made f o r p r e v a l e n tw i n d d i r e e l ion.
S e e T a b l e 9 - 2 a n d A p p e n d i x E f o r d e r i v a t i o n o f r e p r e s e n t a t i v ec o n c e n t r a t i o n s f o r a v e r a g e d i k e s o i l s .
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in s tance , 4 , 4 - D D D is a we l l known aerobic breakdown p r o d u c t of0DT, which was a very common a g r i c u l t u r a l chemical used in theS o u t h . S i m i l a r l y , t h e h i g h value s f o r a luminum a n d other m e t a l sin the s ed iment of C l a r k Lake may be due to the use of a l u m , af l o c c u l a t i n g agent used in s tock p o n d s to c lear the water.
Based on actual measurement s , the c oncen tra t i on of i n d i c a t o rchemica l s in C l a r k Lake are al l b e l ow d e t e c t i o n l e v e l s ex c ep tf o r chromium ( 0 . 0 1 0 m g / 1 ) , l ead ( 0 . 0 1 2 m g / 1 ) a n d zinc ( 0 . 0 7 0sg/1) . T h e s e three m e t a l s are a l l be low a v a i l a b l e d r i n k i n gwater s t a n d a r d s (se e T a b l e 6 - 1 ) i n d i c a t i n g that e x i s t i n g waterconcentrat ions do not repre sent a h e a l t h threat to the e x i s t i n gstock wa t er ing usage. T h e s u r f a c e water f l o w f r o m t h e main pondarea to C l a r k Lake i s u n l i k e l y to contain a p p r e c i a b l e amounts o fi n d i c a t o r ch emica l s given the measured c o n c e n t r a t i o n o f cons t i-tuent s in the e xpo s ed s o i l s o f the borrow d i t c h e s ( T a b l e 10-5) .The borrow d i t c h areas receive and retain r u n o f f f r o m the dikeareas and are the on ly site source p o t e n t i a l l y i m p a c t i n g r u n o f funder e x i s t i n g c o n d i t i o n s .
The on ly s tormwater p o t e n t i a l l y contaminated t o a s i g n i f i c a n tdegree i s that f a l l i n g in the main p o n d . T h i s p o t e n t i a l l y con-t a m i n a t a d s tormwater w i l l be contained w i th in the d i k e d mainpond area. C o n s e q u e n t l y , t h i s p a t h w a y does not r epre s ent anys i g n i f i c a n t h e a l t h threat .
10. 3 Water . Exposure P a t h w a y

. 3.1 Pote_nt lal_. Sourc e s , and Pathways
T h e r e are two p o t e n t i a l sources for s h a l l o w ground water contam-ina t i on a t t h e S h e r i d a n D i s p o s a l S e r v i c e s S i t e : 1) th e l i q u i d s ,tars and s l u d g e s contained in the main p o n d ; and 2) a f f e c t e ds o i l s o u t s i d e the main pond ( d i k e s , e xpo s ed was t e s , and twosma l l s l u d g e d e p o s i t s in the f i r s t : e v a p o r a t i o n sy s t em c e l l whichreceived o u t f a l l f r o m th e main p o n d ) .
The p r i m a r y p a t h w a y f or p o t e n t i a l ground water exposure i s th ep o s s i b l e s e epage of c o n s t i t u e n t s f r o m a source area to the shal*low uncon£ined a q u i f e r and subsequent d i s charge into the BrazosRiver. T h e r e are no ground water users downgrad i en t of the d i s -posal f a c i l i t i e s . T h e r e f o r e , t h e worst-case p o t e n t i a l f o r humanor environmental exposure beyond the s i t e boundaries is l i m i t e dto m i x i n g of s h a l l o w ground water wi th the nearby s u r f a c e watersof the river, up take by aquatic spe c i e s and subsaquenc humanc o n s u m p t i o n ,
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T A B t E 10-5

o f i n d i c a t o r compound! D e t e c t e d i n s u r d c i a l s o i l s
c o l l e c t e d i r o n t n e B o r r w o i t c t i A r e a 0 8 / 0 6 - 0 7 / 6 7

Par uaeier

Or 4, ics (irvg/Kg)

Benzene
1 . * -Dime thy I cn eno l
E l ^ > i b e n z e n e
N * O t h a i e n e
r o t i i peas
Phenol
red a c h i o r e m * i ene
T o l u e n e
T r i t n i o r e i n v i ene

m e t a l s ( m g / « . 3 >

cruomum
L e a d
N i c n e i
Z i n c

Bonng s - 8 B o r i n g s - 8 B o r i n g S - 9 8onng S - 9 A v e r a g e
O - i • j - 4 1 o - i ' 4 - S ' o a c k g f c u n d

6 4 i 5 f l - e 0 1 6< 238-001 6 4 1 S 8 - 0 0 3 64 J 53-003 SOllS

N D < « O . S ) N O t ' f l . S ) N D t < 0 . 5 ) N D ( < 0 5 ) t &
" O < < 0 . 6 6 ) N D ( < 0 3 3 ) N D ( < Q . 3 3 > N D ( ' 0 . 3 3 ) M l

( • O C ' O 5 ) N D ( < 0 S ) N D ( < 0 5 ) N D ( ' 0 S i 0 1 3 5
N D t ' O 6 6 ) N 3 ( « 0 3 3 ) N D ( « 0 . 3 3 ) ' 0 3 3 ) ••£>

N D ( ' « . 0 - » 8 . 0 ) N D ( < 0 0 8 - < 0 . 1 6 ) N D ( < 4 0 - « 9 . 0 ) N D ( < 0 . 0 8 - < 0 1 6 ) ^ D
ND ( * 0 - 6 6 ) ND ( < 0 . 3 3 ) ND ( < 0 . 3 3 > ND ( < 0 . 3 3 > »O

N O t ' O 5 ) N D < < 0 S ) N D < < 0 . 5 > N D ( < 0 5 ) N 3
N D t « 0 5 ) N D ( ' 0 S ) N D ( < 0 S ) N D C ' O . 5 ) N D
N D t ' O . 5 ) N O ( « O . S ) N O ( * O . S ) N D ( < O . S ) N D

9 3 6 7 3 1 . 1
1? 7 54 11 11 6
22 6 16 17 1 7 . 2
60 12 32 32 39 6

CO
CO
K1^
T-
v-
O

A l l d a t a ' o r b o r i n g s a r e f r o m R M A L r e p o r t d a t e d S e p t e m b e r 1 0 . 1987. copy i s p r o v i d e d i n A p p e n d i x E - 2

s e e T a b l e 9 - 1 ( o r b a c k g r o u n d s o i l s
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T h e p r i m a r y f a c t o r s a f f e c t i n g exposure i n c l u d e t h e r e c ep tor l o -ca t ion wi th re spec t to the source areas, the chemical nature ofs p e c i f i c c o n s t i t u e n t s , soil p e r m e a b i l i t y and t h i c k n e s s , amounto f r a i n f a l l , d u r a t i o n and f r equency o f h igh river s t a g s , andd i l u t i o n by the river. A l t h o u g h a nor thwe s t e rn component doesex i s t in th e s h a l l o w ground water f l o w p a t t e r n , f o r t h i s s e c t ionof the ri sk assessment all f l o w is c on s erva t ive ly assumed to bedue north in order to c a l c u l a t e worst-case ground water d i s-charge to the Brazos River.
10.3.2 P o t e n t i a l . Recep tor s

As d i s cu s s ed above, the o n l y p o t e n t i a l r e c ep tor s are the aquaticf l o r a and f a u n a in the Brazos River, shou ld c o n s t i t u e n t s reachthe river via ground water d i s charge . E x p o s u r e to f i s h andw a t e r f o w l could occur through th e mix ing o f p o t e n t i a l l y a f f e c t e dground water wi th the s u r f a c e waters of the Brazos River. S u b -sequent e xpo sur e to human p o p u l a t i o n s due to i n g e s t i n g f o o d -chain organisms is p r o j e c t e d to be e x t r eme ly sma l l based onknown recreational use of water in the area. N e v e r t h e l e s s ,because of the p o t e n t i a l risk to , say, local f i s h e r m e n , th i spathway was assumed to be c omple t e and was evaluated as a poten-t i a l e p i s o d i c expo sure . Because the river does not serve as ap u b l i c water s u p p l y source near the s i t e under current s i t ec o n d i t i o n s , any direct i n g e s t i o n of river water would be inad-vertent ( p r o b a b l y as a result of recreational a c t i v i t i e s ) ande p i s o d i c .
10.3.3 Expo sur e .Asses sment

The p r e d i c t i o n o f s u r f a c e water exposure concentra t i ons o f s i te-s p e c i f i c c o n s t i t u e n t s requires c o m p u t a t i o n o f t h e mass f l o wrates of these c on s t i t u en t s to the river via ground water seep-age. P o t e n t i a l exposure s can then be evaluated by c a l c u l a t i n gresul tant sur fa c e water concentrations and comparing them toa p p r o p r i a t e cri teria.
W h i l e e x i s t i n g ground water da ta could serve as the relevant in-put p a r a m e t e r , the z a o d e l s u t i l i z e d in the assessment start wi ththe e x i s t i n g source concentrat ions and derive p r e d i c t e d uncon-f i n e d a q u i f e r concentrat ions . T h r e e d i f f e r e n t m o d e l i n g ana ly s e swere p er f o rmed (increas ing in s oph i s t i ca t i on and accuracy) top r e d i c t r e s u l t a n t cons t i tuent concentrat ions in the u n c o n f i n e da q u i f e r at the point of i n t e r f a c e wi th the river. Each m o d e l i n ge f f o r t i n v o l v e d a series o i : s t e p s to procoed f r o m e x i s t i n gconcentration to a q u i f e r concentrat ion.
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10.3.3.1
I n t h e f i r s t m o d e l i n g e f f o r t , E P A ' s organic l ea cha t e model ( O t W )was used to p r e d i c t l e a c h a t e c onc en t ra t i on s at the bo t tom of thev i s i b l y a f f e c t e d s o i l s in the d ike s and under s l u d g e s in the»ain pond and e v a p o r a t i o n sys tem. T h i s model is very conserva-t ive in that no a l l o w a n c e s for r e t a r d a t i o n or d e g r a d a t i o n areaade. Moreover , the model does not p r o v i d e a rate f u n c t i o n( i . e . , mass l e a c h e d / t i m e o f active l e a c h i n g ) .

The OLM model c on s i s t s o f th e f o l l o w i n g equat ion:
C x - 0.00211 * C 0 ° ' 6 7 8 * $0 .373

where
GI mt p r ed i c t ed c on s t i tu en t l e a c h a t e c o n c e n t r a t i o n ( m g / 1 )C o «« i n i t i a l c onc en tra t i on of the c o n s t i t u e n t in thesource ( m g / k g )S • s o l u b i l i t y f o r c o n s t i t u e n t ( m g / 1 )

T h e r e s u l t s o f t h e a p p l i c a t i o n o f t h i s O I M model ( A p p e n d i x H - l )to the a v a i l a b l e s l u d g e and soil concentrat ions are t a b u l a t e d bysource compar tment in T a b l e 10-6. I n i t i a l concentrat ions usedare the c o m p a r t m e n t - s p e c i f i c r e p r e s e n t a t i v e c onc en tra t i on s shownin T a b l e 9-2. V a l u e s f r o m T a b l e 9-2 f or both soil and s l u d g ec o m p a r t m e n t s are used for e v a p o r a t i o n system s o i l s . Only thea f f e c t e d d ike soil rather than average d ik e soil values are usedfor the d i k e area. T h i s r epre s en t s worst-case source materialw i t h i n the d i k e , since any water i n f i l t r a t i n g through thesem a t e r i a l s would tend to l each a h igher concentrat ion of const i-tuent s f r o m t h e most a f f e c t e d m a t e r i a l . T h e s o l u b i l i t y assumedf o r a l l f o u r ind i ca t or m e t a l s w a s that f o r t h e c h l o r i d e f o r m ,which was the most m o b i l e f o r m for most of the m e t a l s . Its h o u l d be noted that the OLM was not r e a l l y d e s igned to p r e d i c tm e t a l s c oncentra t i on s and that the r e s u l t i n g l e a c h a t e concen-t r a t i o n s are p r o b a b l y much too conservative (see S e c t i o n
1 0 . 3 . 3 . 4 ) .
In order to eva lua t e the e f f e c t o f l e a c h a t e concentra t ions onground water q u a l i t y at a p a r t i c u l a r l o c a t i o n , an a q u i f e r d i l u -t i on f a c t o r must be c a l c u l a t e d to p r e d i c t the concentrat ion atthe r e c ep tor l o ca t i on . One of the s i m p l e s t , and most conserva-t ive , m o d e l s a v a i l a b l e to c a l c u l a t e a q u i f e r d i l u t i o n i s ana l t e r n a t i v e boundary ana ly s i s pre s ent ed by Domenico andP a l c i a u s k a ( 1 9 8 ? ) , T h : s m o d e l , which i s t h e basis f o r t h e V H Sm o d e l , p r e d i c t s the ground water c onc en t ra t i on based on geome-tr i ca l s p r e a d i n g of the cons t i tuent stream in the a q u i f e r withcontinuous recharge.
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The VHS model i s f o r m u l a t e d as a boundary-value p r o b l e m thata p p r o x i m a t e s the s p r e a d i n g of a c on taminant p l u m e in the hori-zontal and vertical d ir e c t i on s p e r p e n d i c u l a r to the p r e v a i l i n gground water f l o w p a t h and r e s u l t s in an e q u i l i b r i u m d i l u t i o ntor the receptor d i s t a n c e s p e c i f i e d . The model ia conservativeIn that no a l l o w a n c e for d e g r a d a t i o n i s made and accounts o n l yf o r transverse (no t l o n g i t u d i n a l ) d i s p e r s i o n . D e t a i l s o f t h eaodel ar e p r e s e n t e d in A p p e n d i x H - 2 .
For the main p o n d , the VHS model resulted in a d i l u t i o n f a c t o rof 0.17 at the edge of the d i s p o s a l area and 0.12 for the edge©f the Brazos River. For the d ik e area, the d i l u t i o n f a c t o r s atthe edge of the d i s p o s a l area and at the river were 0.40 and0.19, r e s p e c t i v e l y ; f or th e e v a p o r a t i o n sys t em, th e f a c t o r s were0.16 a n d 0 .02, r e s p e c t i v e l y ( S e e A p p e n d i x H ~ 2 ) .
A p p l y i n g t h e V H S model t o t h e l e a c h a t e c onc en t ra t i on s p r e d i c t e dby OLM r e s u l t s in the edge of river concentra t ions i n d i c a t e d inT a b l e 10-7. Once the c onc en t ra t i on of the i n t e r f a c e i s ca l cu-l a t e d it is p o s s i b l e to compute mass l o a d i n g rates.
M a s s l o a d i n g rates (in g / d a y ) f r o m the a q u i f e r t o the. river wereca l cu la t ed f r o m the volumetric f l o w rate of the u n c o n f i n e da q u i f e r ( m s / d a y ) t imes the c oncentra t i on p r e d i c t e d a t the edgeo f river. V o l u m e t r i c a q u i f e r f l o w rate ( F a ) i s c a l c u l a t e d a sf o l l o w s :

Fa * ka * ia * Aa = m / d a y * 0.0031 * m2 - m 3 / d a y
where

ka - p e r m e a b i l i t y of the a q u i f e r
~ 6.83 m / d a y

7.9E-03 c m / s e c

ia = grad i en t in the d i r e c t i o n of f l o w » 0.0031 m/m
Aa ~ cross-sectional area of th© a q u i f e r p e r p e n d i c u l a rto the d i r e c t i on o f f l o w » ( a q u i f e r t h i c k n e s s ) t imes( f a c i l i t y w i d t h ) where f a c i l i t y w i d t h i s measuredp e r p e n d i c u l a r t o th e d i r e c t i o n o f f l o w .

The number used for f a c i l i t y w i d t h is the same number as the "X"value entered i n A p p e n d i x H - 2 , T a b l e H 2 - 1 f o r t h e V H S m o d e l .The resultant mass l o a d i n g ( L r ) to the river on a d a i l y basis( g / d a y ) i s then c a l c u l a t e d as:
Lr - Cr * Fa » m g / 1 * m 3 / d a y * 1000 1/m*« mg/1 * 1000 I / d a y = g/1 * I / d a y
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where
Cr
F a

the c onc en tra t i on at the river bank p r e d i c t e d by theV H S model ( r a g / 1 )
a q u i f e r f l o w rat© ( m 3 / d a y }

To c a l c u l a t e r e su l tan t river c o n c e n t r a t i o n s , the t o t a l mass load(in g / d a y ) was then d i v i d e d by the vo lumetr i c f l o w o f th e river(in m s / d a y ) at low f l o w to ob tain the worst-case river concen-t r a t i o n . T h e s e p r e d i c t e d concentra t ions are shown in T a b l e 10-8which a l so contains f o u r d i f f e r e n t water q u a l i t y c r i t er ia ( W Q C J .As can be seen in T a b l e 10-8, even using these very conservativem o d e l s , none of the a v a i l a b l e and p o s s i b l y a p p l i c a b l e or rele-vant cr i t er ia are exceeded except f or P C B s , The u p p e r bound PCBcancer risk i s a p p r o x i m a t e l y 1.5 x 1 0 ' 5 , based on T a b l e 10-8.As w i l l be shown in the f o l l o w i n g s e c t ions wi th the WMPLUMEm o d e l , it is h i g h l y u n l i k e l y that PCBs would ever reach theriver d u e t o th e i r h igh r e t a r d a t i o n c o e f f i c i e n t , e s p e c i a l l y i fb i o d e g r a d a t i o n is a l s o taken into account.
10.3.3 .2 M o d e l 2

A primary p r o b l e m wi th the a s s u m p t i o n s in M o d e l 1 is that themodel does not take into account the e f f e c t of the c l a y and sandl a y e r s that lie between the generated l ea cha t e and the sa tura t edzone ( i . e . , the l ea cha t e concentrat ion is d i r e c t l y input to thea q u i f e r ) . Based on a v a i l a b l e s t r a t i g r a p h i c and h y d r o g e o l o g i cdata for the s i te (see S e c t i o n 8 . 3 ) , there arc, on the average,about 20 f e e t of unsaturated s ed iment s between the s u r f a c e andthe average ground water e l eva t i on . The u p p e r p o r t i o n o f th i s20 f e e t i s c lay ( S t r a t u m A), which ha s a c o e f f i c i e n t o f perme-a b i l i t y conservat ive ly chosen to be 7.4 x 10"6 cm/ s e c ( t h i svalue i s derived f r o m f i e l d and lab da ta f or S t r a t u m C c l a y s ) .T h i s value was chosen because the a p p r o p r i a t e f i e l d data are nota v a i l a b l e f o r S t r a t u m A c lays . ( S e e S e c t i o n 8 . 3 a n d t h e S C R I( 1 9 8 7 ) f o r s p e c i f i c c ompar i s on o f S t r a t a A a n d C c l a y d a t a . )The rest of the unsa tura t ed zone is sand ( S t r a t u m B) f o r m i n g theu n c o n f i n e d a q u i f e r , which has an e s t imated average c o e f f i c i e n tof p e r m e a b i l i t y of 7.9 x 10-s cm/ s e c .
In order to p r e d i c t f l o w through the unsaturated zone, the aver-age thicknes s as we l l as the p e r m e a b i l i t y charac t e r i s t i c s ofthese twc s trata must be taken into account. S t r a t u m A s u r f i -cial c lays u n d e r l y i n g the d i s p o s a l f a c i l i t i e s vary f r o m over 35f e e t o f continuous c lay under the e v a p o r a t i o n sys tem toa p p a r e n t l y d i s c on t inuou s , m u i c i p l e c lay s tr inger s of i-5 f e e t on

O

10-16
E838



IIIIIIIIIIII

i H ! J i* 11 - •'•
S £ *- I *

|
S
*
! i* iI !u *v 3
S 1** 9<• »•W Vi SS SV 4L
b ••
B *
* *
2 Sw ae S5* !
5 «••«i §
• t>s s

tj 0
f )
t.

f£

= I

., = * !t i S ! s— » _ . - "
* s S - I* i 5 I !
i I 1 «1 - I *i * ! MM * ' *» — *
* - S * E
* 1 * * ii - 5 i -I 2 r 1 |* s | |
. . ! i ;3 • » * - = • »*• - » -s i i s ,t * y £

4

g £ «
* 2 3 *•
3 i < »« i KI ! f9* ?"• S *i " -s | I

I £
1 t> V

£ ! "Hi5 S8 S ?- J O
•̂  *•=
J - 3
1 *•. *C i"1

O u >
* —£ sE 1It A iflu a. a
§ e "
£ J Z
S «

$ *0
4A

8

1

1

.i-

|

s
»
€•

-
•I
a

|

>
9
D

_

§

x
3**B

|

*
V.
t

Eia

V

.

a

*

• *• r»at - «**• « »
(A n S

6 o

2 S
V <•

"* 2
o e

= S =rt ° a

- e «t

•» «
•« «

in * ee a «-
S a a

** •-f IA
0- —~ M

« e o
« O 0

J
* 2

1 i
* u Si 2 £< if a ox S o c
B § SO — a. >.— « .. c», a wu. 5 E w £
U — V F rt
3 > - e iff <J « v

2

-

n

I
0

S
2

Bf
<3

fao

&a

e>o

to
*•

0

<*

gu•Jsa

-

A

s

h

5

•*
"•

$
0S5

S
ew
g

9a

oo

aFt.
f.

3o

re
2
I

i•

' ,
|
•

•*&
e
0

5a
i

g
0

S0oe

t>oa
o

-
O

«>i
o

£a
ooa
O

8

t

*

1

i
0t

i

•;
S**

C
n

aKn
o

-•*->«

oa
O

if»
ir*«

A
*

|c

**

.

*

o

•

#5
1

*«*•

«-»
0
o

HBO
O

5«>u1
S«ui1*
B

•4

O

gU1?̂
bO
ua
V

z

2

s1

*lh
3

a
£

»
*l

2ct
O

oft

aa

eB
^

?V

O

1o

•

s : g : =
:

1 ' 0 1
0 *

a 2 * 8 -i x 2 * "a

** S S * f
a 3 * •> (S
o S l S g

« t» » * «
—— « —— *» P.

A 0 fr & f*a 5 K i6 4

9 -» •» » R.n *. e »o - • * < * «» •»s
I

S » » » eO It f l f i— fli O »ou o a o <"i
2 o « a g
ow c* a f* «-w s 2

§ S ; 3 S
U M 0 W

I

« ». « O t»
H N 0 p. —— a
» J » * 0-

o " « e m

Swi =H» -̂s ;e SS a wu o T» i* y— «. « O c- S 2 z »

i«t«« 4l i t
*K ——— '

1 1 5§ >
I $c —» B

0 *c o
It ~I 5fe* O

<w« O i« 43 ?O *J

J ** Bfl
4 4- a *

3 e
** K °a § »* : ? i* * §*- <d Oi> o e
* Q iua a eo B *
5*,, . »

. .. i,--... .*- ^ •£ 2 1 «8 0 v C— « S
- CJ M

IA

O

10-17



IIII
III1I

the vast and north a I d a s o f the main p o n d . T h e r e f o r e , f or thep u r p o s e s o f t h i s a s s e s sment , a cont inuous s u r f i c i a l c l a y l a y e rf i v e f a s t t h i c k has bean assumed to u n d e r l i e the ent ire d i s p o s a larea. The sand p o r t i o n of the un sa tura t ed zone is thus assumedto be 15 f e e t thick.
The a s s u m p t i o n of no i n t e r v e n i n g mat er ia l in M o d e l 1 is unreal-i s t i c . T h e r e f o r e , M o d e l 2 u t i l i z e s a time d e p e n d e n t unsaturatedzone model ( U Z M ) d e v e l o p e d b y E P A i n v e s t i g a t o r s E n f i e l d , C a r s e i ,Cohen, Phan and W a l t e r s ( E n f i o l d e t a l . , 1 9 8 2 ) to p r e d i c t theimpac t of the unsaturated zone on p r o j e c t e d l e a c h a t e concentra-t i on s .
M e t h o d 1 f r o m E n f i e l d ' s 1982 p a p e r w a s s e l e c t ed because i t pro-vide s a u n i f i e d , "two-pass" a p p r o a c h to e s t i m a t e organic trans-port t h r o u g h s o i l s . The model assumes no d i s p e r s i o n and trans-port i s a f u n c t i o n o f the f o l l o w i n g parame t er s :

1} Bulk d e n s i t y of the soil * P « 1,6 g / c m 3 ;2) I n t e r s t i t i a l por ewat er v e l o c i t y « V d / n c where Vd i s t h eaverage recharge rate ( D a r c y v e l o c i t y in c m / h o u r ) and ne ise f f e c t i v e p o r o s i t y » 0 . 3 ;3) W a t e r content o f t h e soil4 ) S o r p t i o n c o e f f i c i e n t s ( R p values f o r each c o n s t i t u e n t ) ;5 ) D e g r a d a t i o n ra t e s;6) C 0 , th e i n i t i a l concentrat ion in m g / 1 (OLM leachat e concen-t r a t i o n is a s s u m e d ) ; and7) S o l u b i l i t y o f t h e c on s t i t u en t ( n e e d e d o n l y i f Koc i s no tknown and has to be e s t i m a t e d f r o m s o l u b i l i t y ) .
D e t a i l s o f t h e U Z M model a r e pr e s en t ed i n A p p e n d i x H - l , a l o n gw i t h c a l c u l a t i o n t a b l e s and e x a m p l e s o f data p r e s e n t a t i o n . Iti s assumed that the f l o w sys t em is sa turat ed since the d e t a i l e dsoil moisture data ar© not available.
The p r i m a r y output o f th i s s t e p in the m o d e l i n g e f f o r t i s pre-d i c t e d "breakthrough" concentrat ions at the i n t e r f a c e of thesa tura t ed zone or a q u i f e r . T h e s e concentrat ions are pre s en t edin T a b l e 10-9, along with assumed h a l f - l i f e values used tos i m u l a t e d e g r a d a t i o n i n t h e s u b sur fa c e . D e g r a d a t i o n h a l f - l i f evalue s were assumed to be l / 1 0 t h of the rates l i s t e d in T a b l e7-9 for s u r f a c e water. Where no s u r f a c e water data were avail-a b l e , the rate for the most s i m i l a r compound was used ( e . g . , 60days for benzene and pheno l i c groups , such as toluene, e thyl-benzene, c - t c . ) ,
W h i l e the d e g r a d a t i o n rates for ground water are e s t i m a t e d ,these values are necessary in order to carry out the UZM calcu-lation. If the degradat ion rates are zero, the "breakthrough"
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c onc en tra t i on at the i n t e r f a c e of the a q u i f e r w i l l be the sameas the inpu t c oncen tra t i on f r o m QLM, and t h i s scenario (OI^/OZM/VHS) would result in the same concentrations as ca lculated forOLW/VHS. F u r t h e r m o r e , i t i s r ea sonable to expec t some d e g r a d a -t i o n of c o n s t i t u e n t s as they p a s s t hrough the un sa tura t ed zone.
M o t e that the m e t a l s emerge f r o m the model at e x a c t l y the sameconcentrat ion as p r e d i c t e d by OLM to occur at the bo t tom of thes l u d g e . T h i s h a p p e n s because no d e g r a d a t i o n occurs, such thattha model o n l y re tards th© m e t a l s (because o f Rp) , The modeldoes not have a f u n c t i o n for exchange of m e t a l s into g e o l o g i cm a t e r i a l s , which i s u n r e a l i s t i c because, with 20 f e e t of sedi-ments, at least some of the me ta l s leached f r o m the s l u d g eshou ld be t i ed up in s o i l s .
T h e s e p r e d i c t e d c onc en t ra t i on s serve as an input into the aqui-fer d i l u t i o n or VHS model in a s i m i l a r manner to M o d e l 1, Pre-d i c t e d concentra t i on s for the OLM/UZM/VHS model series a t theedge of the river are d e t a i l e d in T a b l e 10-10.
As wi th M o d e l 1, these values were then used to d e v e l o p t o t a ls i t e mass l o a d i n g s and a r e s u l t a n t Brazos P J v e r concentrat ion.The r e s u l t s of those c a l c u l a t i o n s are d i s p l a y e d in T a b l e 10-11.
As wi th the overly conservative M o d e l 1, M o d e l 2 r e su l t s indi-cate that p r e d i c t e d Brazos River concentrat ions do net exceedany of the a v a i l a b l e and p o s s i b l y a p p l i c a b l e or relevant waterq u a l i t y c r i t e r ia , e x c ep t that the 10"6 risk value for PCBs i sexceeded. H o w e v e r , a l l p r e d i c t e d c oncen tra t i on s are p r o t e c t i v eo f aquatic l i f e and th e PCB value p r e d i c t e d (0.00000013 m g / 1 ) i sl e s s than the 10"5 risk value for PCBs and does not represent as i g n i f i c a n t increase in l i f e t i m e cancer risk.

10.3.3 .3 Model 3
Because of some of the s i m p l i f y i n g , and p o t e n t i a l l y inaccuratea s s u m p t i o n s contained in the OU-1 and VHS m o d e l s , M o d e l 3 wasd e v e l o p e d in an e f f o r t to more ac cura t e ly p r e d i c t r e su l tant con-c entrat ions . As such, it serves as a cross-check on the r e su l t sobtained in M o d e l s 1 and 2.
In M o d o l 3, the input l ea cha t e concentrat ions p r e d i c t e d by OLMwere uaad in the W i l s o n and M i l l e r two-dimens ional t ranspor tmodel u s ing W M P L U M E s o f t w a r e . ( S e e A p p e n d i x H - 3 f o r d e t a i l s o fthe m o d e l - ; S i n c e the concentrat ions preu i c t e i by OLM areworst-oase for the main pond s l u d g e c o m p a r t m e n t , da ta f or thi«compartment were used in M o d e l 3.
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R e s u l t a n t C o n c e n t r a t i o n a t B r a z o s R i v e r i n t e r f a c eF r o m a C o m b t n a M o n o f O L M - U Z M - V H S

R e s u l t a n t C o n c e n t r a t i o n a t B r a z o s

oitoIr1
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Benzene
2 , 4 - D i m e t h y i p h e n o fE t h y l b e n z e t * e
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M A I N P O N D C Y =
C I C y / C I

C U Z M ) ( V f i S )
0.046 0 .12
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0.238T e t r a c h f o r o e t f i y l e n e o . 1 5 3T o l u e n e! T r i c h l o r o e t n y l e n e

; C h r o m i u mL e a d" N i c k e l; Z i n c

0.033
0.304

1 . 2 1
24.90

5 . 3 5
46.60

NO = compound not d e t e c t e d £n source.C f = i n i t i a l c o n c e n t r a t i o n p r e d i c t e d b yC y / C I < = aqui f ^ r d iC y = C i * C y / C I f u t i o n f e e t o r c a l c u l a t e d= a q u f f e r c o n c e n t r a t i o n .
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Cy
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5 . 5 9
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( U Z M ) ( W S )
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N D
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3 . 2 1
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Cy
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NE>
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0 . 0009
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N C >
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In order t o meet th e s p a t i a l a s s u m p t i o n s o f WMPLUME concerningthe r e l a t i o n s h i p of source c e l l s ize and d i s t a n c e to r e c e p t o r ,the main pond was d i v i d e d into 34 source c e l l s as i l l u s t r a t e d inF i g u r e 10-1. T h u s , the main pond is m o d e l e d as a m u l t i p l e p o i n tsource. ( S e e A p p e n d i x H - 3 f o r a c o m p l e t e d i s c u s s i o n o f W M P L U M Eand its a s s u m p t i o n s . )
The i n p u t s used f or thi s m o d e l i n g e f f o r t ar e summarized inT a b l e s 10-12 and 10-13. The concentra t ion ( C o ) p r e d i c t e d by OLMwas used for the i n i t i a l concentrat ion. The s e epage v e l o c i t ywas c a l c u l a t e d based on the p e r m e a b i l i t y of the c lay u n d e r l y i n gthe d i s p o s a l areas. The conservative average sa turated thick-ness of the u n c o n f i n e d a q u i f e r at the s i t e (10 m) was as sumed.D e g r a d a t i o n was assumed to be zero.
The s e epage rates are d e p e n d e n t upon cons t i tuent r e t a r d a t i o nc o e f f i c i e n t s ( R d ) . S i n c e some cons t i tuent s have very small Rdvalue s ( e . g . , p h e n o l ) , the source i s d e p l e t e d o f some consti-tuents more qu i ck ly than for others. T h e r e f o r e , a mass ba lanc ewas p e r f o r m e d to de termine how l ong the model could assume con-tinuous s e epage for each c o n s t i t u e n t , based on the currente s t ima t e s of t o t a l s i t e load for each cons t i tuent in each com-partment ( T a b l e 10-14). T h e r e su l t s o f th i s compari son a r eshown in T a b l e 10-15.

CM
O

v-o

WMPLUME r e s u l t s are r epre s ent ed in terms of c on s t i t u en t concen-t r a t i o n s at the r e c ep t or , i.e., the Brazos River. The worst-case concentrat ions f or ground water p r e d i c t e d by WMPLUME f r o mO L M - p r e d i c t e d l eacha t e concentrat ions are summarized in T a b l e10-16. As for the concentrations p r e d i c t e d by the two VMS models erie s , the se concentrat ions have been m u l t i p l i e d by the f l o w o fthe a q u i f e r to p r e d i c t d a i l y l o a d i n g to the river. R e s u l t a n tconcentra t i ons in the river are then c a l c u l a t e d at low f l o w andcompared to the a v a i l a b l e and p o t e n t i a l l y a p p l i c a b l e or relevantwater q u a l i t y cr i t er ia for p r o t e c t i o n of human and non-humanl i f e using t h e river.
W i t h re spect to concentrat ions of i n d i c a t o r chemica l s in theriver: ( l ) F i n a l Maximum C o n c e n t r a t i o n L i m i t s ( M C L S ) a r econsidered relevant and a p p r o p r i a t e where MCLS are a v a i l a b l e ;a n d ( 2 ) S t a t e a n d F e d e r a l water q u a l i t y cr i t er ia f o r t h ep r o t e c t i o n of human h e a l t h are relevant and a p p r o p r i a t e whereMCLS ar© not a v a i l a b l e .
As can be seen in T a b l e 10-16, no relevant and a p p r o p r i a t e cri-t er ia are exceeded for any indica tor chemicals ( i n c l u d i n g P C B s ,which never reach the river) for the worst-case concentrat ions

10-24
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S f v e r ( d a n D i s p o s a l S e r v i c e s s i t e

inpu*. P a r a m e t e r s t o* i n d t v i t S u a ! Model c e l l s
A t e a i 1 - 6

*tea is«3 at 533
Qo ( c u w d a y > 3 34

i t id D e a l e r P a r a m e t e r s

sen* site2 . 4 f - i i i m e [ t i y t p f i e n o t
E t h y t b e n z e n eN a p l i t r a i e i ep e e s( T o t a l a s A E o c n i o r 1 0 1 6 )P h e n o l
re I r achl or oe >; hy t ener o t u f t n eT r i c r t l o r o e t r t y l e n e

C h r o m t u t pLeadN i c k e lz i n c

N O T E S :

Rp CO' £ c n g i / l 1

5 . 5 3 1
I t . 6 3
18.46
J« .60

807 .00
1 97

26 49
17. 46

7 ,55

54 .00'
54 .00
54 00
54 .00

3 85
4 SO
3 . 3 2
O. 34
O.04

1 9 . 7 5
0.35
3 . 7 5
0.41

9 .33
1 5 , 7 6

5 . 5 1
1 26 . 5ft

l > c o i s t n e f n t t f a f c o n c e n t r a t i o n o t l e a c t i a t e a t21 w a d i n g R a t e a ) •
31 tio • k " i • A ; O n

O . Q U 9
0 . 0 ( 6
0 O l t

0 .001 T
0 .0001 3

0 066
0.0012

0 .013
0.0014

0 .0112
0.0634
0 .0184

0 423

the do t torn o f

A t e a s 7 - i o A t e a s n - i a A t a a s 1 7 - 2 5

939
5 . 9 3

I 4 S . 2
9 . 2 6

2O«O
1 3 4

A t e a s 2 6 - 2 6 A r e a s 2 9 - 3 4

284 S
18 . 2 23 7

L O A D I N G K A T f S E k g / ' C f ) P e r G e l t

0 . 0 2 2 9
0 026

0.0197
0 .0020

0. 00024

O . U 7
0.0021

0.022
0 .0014

> . 0 5 5 4
0 . 1 1 2

0 .0327
0 . 7 5 1 4

I h e w a s t e ( t o p

0 , 0 3 5 7
0 0 ' 4 5
0 . 0 3 T

0.0032
0.00037

0 . 1 6 3
0.0031

0.035
0.0038

O 0 & 6 6
0.176

0 . 0 5 1 1
1 . 174

o f u t i s a t u r a t e d

0.0514
0 064

0.0443
0.0045

0.00053
0.264

0.0047
0,050

0.0055

0 . 1 2 5
0.?53
0.074

t ,69

0 0099
0.087

0.0604
O.OO62

0,00073,

0 359
0,0064
0.068

0 0075

0. 17&
0.345
0 100

2 30

0 O f t M
0 U4

O . O 7 8 S
0 0081

0.00095
0 -169

0 .O083
0 089

0 009 7

0 . 2 2 2
0 450

0 . t 30 6
3 006

z o n e ) p r e d i c t e d b y O I Mco « Qo. in fcg/d.
c u m / d a y ) where

4 )

f c • k C c ( a y ) • 7 . 4 x t O E - 0 6 c m / ' s e c , i • i , »r\dA « area o t each source c e l l as d e f i n e ^ above ,f i t - - R e t a r d a t i o n c o e f f i c i e n t f o r p o l t u t a n t p ( s e e T a b l e

0 1 1 4 0
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I TABLE 10-13

S U M M A R Y O F W M P L U M E MODEL I N P U T P A R A M E T E R SS h e r i d a n D i s p o s a l Serv i c e s S i t e

i I n p u t Parameter
C 0
Q 0

ax ( m e t e r s )
ay ( m e t e r s )
V a ( m e t e r / d a y )
K a ( c m / s e c )
i a ( m / m )
n e ( u n i t l e s s )
m a ( m e t e r s )

A ( d a y s ) - 1

R p ( u n i t l e s s )
t ( d a y s )source
t . ( d a y s )d i s p e r s i o n

Case Case 2

50
5

2.12 X 10-2

7,9 X 10-3

.0031
.3
10

0

365
365

SEE T A B L E 10-12
SEE T A B L E 10-12

50
5

2.12 X 10-2

7.9 x 10-3

.0031
.3
10

0
SEE T A B L E 10-12

3650
3650

C_a_s_e

50
5

2.12 X 10-2

7.9 X 10-3

,0031
.3
10

0

36500
36500

O

O

N O T E S .
1 ) T o c a l c u l a t e source l o a d i n g rate, m u l t i p l y C 0 x Q 0 f o r eachc o n s t i t u e n t .
2) Qo » k c i c A , where kc = kd « 7,4 x 10^6 c m / s e c , ic - 1, and

A » area of each source ce l l as out l ined in T a b l e 10-12.
3) V a « k a i a / where k and i are values for the a q u i f e r s as o u t l i n e d

above.
X = decay rate. Assumed to be zero for all compounds .

10-26
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I and l o a d s p r e d i c t e d to occur f r o m the main pond a lone or whenthe model is run long enough to d e p l e t e the entire site load andthe entire l oad is assumed to be l o c a t e d in the main p o n d . T h i si s the case even under the e x t r e m e l y conservative s i m p l i f y i n ga s s u m p t i o n s used to c a l c u l a t e l o a d i n g to the river:

1. O n l y the worst-case concentrat ion p r e d i c t e d by WMPLUME foreach chemical was used to c a l c u l a t e t o t a l l oad to theriver, even though the p l u m e spread p i c t u r e d in A p p e n d i x H-3, F i g u r e s H 3 - 1 through H 3 - 1 4 could be used to c a l c u l a t e amuch lower average l o a d i n g rate.
2. To assess the worst-case mass l o a d i n g to the river for theentire s i t e , it was assumed that all source l o c a t i o n s arein the main pond and that the l e a c h a t e c onc en t ra t i on sp r e d i c t e d by OLM for the pond i s a p p l i c a b l e to the en t i r esource l o a d .
3. The average c onc en tra t i on s used for organic s are h e a v i l yw e i g h t e d b y 1984 s a m p l e s ( A p p e n d i x E - l ) . T h e h i g h e s torganic concentra t ion f o u n d is s a m p l e s in 1987 were muchlower f o r most crganic s , p o s s i b l y r e p r e s e n t i n g d e g r a d a t i o nin the interim*
T h e n e t e f f e c t o f these s i m p l i f y i n g a s s u m p t i o n s i s t o over-esti-mate both the d u r a t i o n of the source and the worst-case concen-t r a t i o n p r e d i c t e d by the model for each ind i ca t o r chemical be-cause the load i s more c e n t r a l i z e d , a l l o w i n g l e s s l a t e r a l spr ead( i . e . , d i l u t i o n ) o f t h e p l u m e .

10.3 .3 .4 D i s c u s s i o n o f M o d e l i n g Accuracy
Based on an ex t ens ive e v a l u a t i o n of a v a i l a b l e ground waterm o d e l s , the WMPLUME model was chosen because it best s i m u l a t e dc o n s t i t u e n t t r a n s p o r t under site s p e c i f i c c o n d i t i o n s - F u r t h e r ,neither OLM or UZM were d e v e l o p e d for m e t a l s and the a q u i f e rc onc en t ra t i on s p r e d i c t e d under M o d e l 1 and M o d e l 2 are muchhigher than i s r e a l i s t i c . In a d d i t i o n , neither OLM or VHSa l l o w s d e g r a d a t i o n o f organics a n d none o f t h e three ( O L M , U Z Mor VHS) a l l o w s c a l c u l a t i o n o f a mass l o a d i n g rate t o t h e a q u i f e rthat can be used for true t r a n s p o r t to the r e c ep t or l o c a t i o n s .
The overly conservative nature of M o d e l s 1 and 2 is d e m o n s t r a t e dby M o d e l 3 , p a r t i c u l a r l y for m e t a l s . T h e r e are two pr imaryreasons for the over-e s t imat ion of concentrat ions at the riverb y V H S :
1« VHS assumes that the r e c ep tor is l o ca t ed e x a c t l y downgra-dient of the source and p r o v i d e s an "instantaneous d i l u -t i on 1 1 equivalent to the a v a i l a b l e a q u i f e r f l o w between the® d g e - o f - w a s t e and the r e c ep tor l o ca t i on .
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I 2 . VHS does no t i n c l u d e l o n g i t u d i n a l d i s p e r s i o n , o n l y trans-verse d i s p e r s i o n , o f c o n s t i t u e n t s in the a q u i f e r . T h e r e -f o r e , even wi th the use of UZM to "counteract" some of theconservativenes s o f V H S f o r organic c onc en t ra t i on s , t h emodel ov er e s t imat e s h i g h l y m o b i l e c ompounds such as ph eno land t r i c h l o r o e t h y l e n e .

As can be seen by c ompar i s on of the r e s u l t s for the main ponds l u d g e s summarised in T a b l e 10-8 for th e OLM/ VHS model wi th th eh i g h e s t concentrat ions l i s t e d in T a b l e 10-16 f or t h e WMPLUMEm o d e l , VHS p r o v i d e s concentrat ions which ar e f o u r t imes h i g h e rthan those p r e d i c t e d b y W M P L U M E (see e t h y l b e n z e n e ) . V H S pre-di c t s phenol concentrations that are almost 10,000 higher than
W M P L U M E .
The combined u s e o f OLM/UZM/VHS does no t "overpred i c t" organicc onc en tra t i on s d i r e c t l y d o w n g r a d i e n t o f t h e source f or some o fth e organic s f o r t h e s i m p l e reason that t h e UZM p o r t i o n o f t h ec ombinat i on has both a d e g r a d a t i o n and a r e t a r d a t i o n f u n c t i o nwhich in c ombina t i on a l l o w s the organic s t ime to d e g r a d e . S i n c eme.tals do not d e g r a d e , UZM does not counteract the overes t ima-t i on f o r t h e m e t a l s .
The conservative nature of the m o d e l s can p e r h a p s be best demon-s t ra t ed by examining the time it would take to d e p l e t e thesource of each i n d i c a t o r chemical when O L M - g e n e r a t e d leach ratesare assumed. In th e WMPLUME m o d e l , t h e l ea cha t e mass l o a d i n grate is generat ing by running the OLM leachate through a bound-ary c lay at the f l o w rate a l l o w e d by the c lay. The model thent r a n s p o r t s the cons t i tuent to the r e c ep tor l o c a t i o n and p r o v i d e sc onc en t ra t i on s at that l o c a t i o n . The load to the river is thent h e a q u i f e r f l o w rate t imes t h e t r a n s p o r t e d concentrat ion. T h euse o f WMPLUME al so a l l o w s one to c a l c u l a t e the t ime to d e p l e -t i on of each cons t i tuent f r o m the source, as summarized in T a b l e10-15. Based on the leachate concentrations predic t ed by OLMf o r t h e m e t a l s , t h e t o t a l source load ( p o n d p l u s d ike s p l u se v a p o r a t i o n s y s t e m ) would be d e p l e t e d in le s s than 20 years (asl i t t l s a s f i v e years f o r z i n c ) .
The source repre s ented by o n l y the m e t a l s in s l u d g e s in the mainpond would be t o t a l l y d e p l e t e d in l e s s than three years i f OLMl e a cha t e concentra t ions a r e assumed (see T a b l e 1 0 - 1 5 ) . I f t h i swere t r u l y the l e a c h i n g rate of the p o n d , there would be nom e t a l s in the s l u d g e s a m p l e s c o l l e c t e d and a n a l y z e d in 1987,because all d i s p o s a l ceased in 1983 - a f our-year span dur ingwhich all the me ta l s would have been removed if the OLM re su l t sare r e a l i s t i c . T h i s is not the case. T h e r e f o r e , it is c l earthat OLM must s e r i ou s ly overes t imate the l e a c h a b i l i t y of m e t a l s .
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10.4 Summary

The current s i t e use p a t h w a y a n a l y s i s and expo sure as se s smente v a l u a t e s the risk based on pre s ent s i te c o n d i t i o n s . T h e s econdi t ions include: 1) restricted site access, 2) dikes andtanks that a r e i n t a c t , 3 ) general f a c i l i t y maintenance i n c l u d i n gf e n c i n g , d A k e r e p a i r and p u m p i n g o f water f r o m th e pond wherenecessary to prevent o v e r t o p p i n g , 4) no use of ground waterd o w n g r a d i e n t of the pond between the pond and the river and5) the nearest permanent o f f - s i t e human r e c e p t o r i s a t Mr.S h e r i d a n ' s home l o ca t ed a p p r o x i m a t e l y o n e m i l e southeast o f t h es i t e and the nearest t e m p o r a r y res idence is at a t r a i l e r southo f C l a r k Lake where M r , S h e r i c ' a n ' s s o n l i v e s .
The o n l y c o m p l e t e d p a t h w a y s under the current use scenario are:1) i n h a l a t i o n of dust and vapor on-si te and at the nearestresidence, 2) s u r f a c e water r u n o f f t c C l a r k Lake and 3) groundwater s e e p a g e to the Brazos River.
The air exposure p a t h w a y can be c o m p l e t e d due to v o l a t i l i z a t i o nof organic s and w i n d - b l o w n dus t . The v o l a t i l i z a t i o n may occurf r o m th e pond l i q u i d s and s l u d g e s o r f r o m a f f e c t e d s o i l s . W i n dblown dust may o r i g i n a t e among the d i k e s or e v a p o r a t i o n area.Based on c onc en tra t i on s of v o l a t i l e s in the p o n d , s l u d g e ands o i l s , and c l i m a t o l o g i c a l d a t a , the s i te was mode l ed u s ing theT e x a s C l i n t a t o l o g i c a l M o d e l , version 8 A B .
R e s u l t s o f t h e m o d e l i n g f o r v o l a t i l e organics p r e s e n t e d i nT a b l e s 10-1 and 10-2 i n d i c a t e that no s i g n i f i c a n t risk e x i s t s tohuman h e a l t h or the environment even when c on s e rva t iv e ly assum-ing a r e c ep tor at the dike . The dust m o d e l i n g cons idered m e t a l sbut did not i n c l u d e organic s exc ep t P C B s because of r e l a t i v e l yh i g h v o l a t i l i z a t i o n rates and g e n e r a l l y low soil concentra t ionsof organic s . The m o d e l i n g r e s u l t s , as shown in T a b l e s 10-3 and10-4, showed no s i g n i f i c a n t risk even at the edge of the d i s p o -sa l area. All cons t i tuent concentrat ions were we l l be low TACBs creening l e v e l s .
T h e s u r f a c e water exposure p a t h w a y i n c l u d e s r u n o f f o f stormwater to C l a r k Lake. S i n c e no e d i b l e aquatic spec i e s are f o u n din the lake there is no c o m p l e t e d chronic p a t h w a y . L i v e s t o c k ,however, do use the lake . T h e s e l i v e s t o c k may e v e n t u a l l y beconsumed. A n a l y s i s o f water and lake s ediment i n d i c a t e t h i sp a t h w a y does not pose a h e a l t h or environmental threa t .
The ground water exposure pa thway cons ider s p o t e n t i a l impactf r o m s i t e ground water that e v e n t u a l l y reaches the Brazos River.T h e r e are no ground water users between the s i t e and the Brazos
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River. Ground water m o d e l i n g u t i l i z e d three c ombinat i on s o ff o u r d i f f e r e n t m o d e l s . M o d e l 1 used E P A ' s organic l e a c h a t emodel ( O L M ) a n d t h e a q u i f e r d i l u t i o n model ( V H S J . M o d e l 2 usedt h e OLM, th e unsaturated zone model (UZM) and VHS. M o d e l 3 usedt h e OLM and th e W i l s o n and M i l l e r WMPLUME m o d e l . U s i n g the s ef i r s t two e x t r e m e l y conservative m o d e l s , no c o n s t i t u e n t s exceed-ed the human cancer r e la t ed risk o f 10' 5 . P C B s d id exceed thehuman cancer risk at io-6.
WMPLUME, the more r e a l i s t i c ground water m o d e l , showed that norelevant and a p p r o p r i a t e c r i t e r ia f or any i n d i c a t o r c h e m i c a l s ,i n c l u d i n g P C B s , were exc e eded .
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1 1 - P A T H W A Y A N A L Y S I S A t L D . E X P O S U R E A S S E S S M E N T :
S I T E C Q N - D I T I Q N . 2 * . U N R E S T R I C T E D . . . S I T E A N D

M Q S _ T _ PROBABLE F U T U R E L A N D U S E
In accordance wi th the r a t i o n a l e d i s cu s s ed in S e c t i o n 9 , th i ssec t ion pr e s en t s a p a t h w a y a n a l y s i s and exposure assessment forth e SDS S i t e under assumed f u t u r e s i t e C o n d i t i o n 2 . Tb^ generala s s u m p t i o n s necessary f o r t h e e v a l u a t i o n o f assumed S i t eC o n d i t i o n 2 are as f o l l o w s :

1) Unre s tr i c t ed site access ~ the d i s p o s a l s i te abandonedby the current s i t e owner.
2) F u t u r e l a n d u s e f o r t h e area i s assumed a g r i c u l t u r a l ,s p e c i f i c a l l y ranching a n d c r o p p i n g f o r hay. s e condaryp o t e n t i a l use is h u n t i n g .
3 ) T h e nearest p r o b a b l e l o c a t i o n f o r r e s i d e n t i a l d e v e l o p -ment in the f u tur e would be lands out s ide of the f l o o dp l a i n . Because of the l o c a t i o n of the s i t e in thef l o o d p l a i n of the Brazos River and the i n a b i l i t y toget f i n a n c i n g and insurance for such a l o c a t i o n , it isnot l i k e l y that the s i t e would ever be d e v e l o p e d forr e s i d e n t i a l or resort p u r p o s e s .
4) It i s assumed that al l current lo ca t ions for s ing l e -f a m i l y homes a n d t r a i l e r s w i th in t h e f l o o d p l a i n w i l lremain inhab i t ed in the f u t u r e . T h e r e f o r e , the near-est human r e c ep t or s would be l o ca t ed at the samet r a i l e r eva lua t ed under S i t e C o n d i t i o n 1 in S e c t i o n10.
5) The only pathway to humans f r o m the s h a l l o w groundwater remains the Brazos River, as eva luat ed undercurrent s i t e c o n d i t i o n s in section 10.
6) A s s u m i n g that the main pond is not mainta ined in anyway, tho pond could f i l l t o the minimum e l e v a t i o np r o v i d e d by the lowest p o i n t o f the d ike . To p r o v i d eworst-case chronic s u r f a c e water pa thway expo sur ep r o b a b i l i t i e s , it is assumed that the d ike is over-t o p p e d wi th each r a i n f a l l , p r o d u c i n g a volume o fp o t e n t i a l l y contaminated r u n o f f equivalent t o t h et o t a l inches of r a i n f a l l in the r a i n f a l l event t imesthe area of the pond at the minimum e l eva t i on (19a c r e s ) . The on ly pa thway to humans would be p o s s i b l eingest ion of c a t t l e that had been drinking f r o m C l a r kLake , The lake s u p p o r t s no e d i b l e f i s h sp e c i e s .
7) It i s assumed that erosion impac t s the barren areas ofthe dikes or borrow areas around the main p o n d .
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T h e s e general a s sumpt ions set the stage for development of spe-c i f i c e xpo sure scenarios f o r each p a t h w a y under assumed s i t eC o n d i t i o n 2. Where necessary to the d i s c u s s i o n , a s s u m p t i o n shave been made r e g a r d i n g such f a c t o r s as v i s i t a t i o n f r e q u e n c y inth e f o r m e r d i s p o s a l areas f or th e r a n c h e r / h u n t e r , percent t imespen t g r a z i n g in con taminat ed areas, etc.
A summary of p a t h w a y s i s p rov id ed for S i t e C o n d i t i o n 2 inT a b l e 9-1. Each o f the c o m p l e t e d p a t h w a y s d e s i g n a t e d in T a b l e9-1 is addr e s s ed and e v a l u a t e d , as necessary in the f o l l o w i n gsections.
11.l A i r E x p o s u r e Pathway

l l . l . l Po t e n t i a 1_. _S_o_ur_c_e s_ _ a n_d_J?_a_t hwavs
The a ir e xpo sur e p a t h w a y i s p o t e n t i a l l y c o m p l e t e t o humans underS i t e C o n d i t i o n 2 through t w o p o s s i b l e mechanisms f r o m threep o s s i b l e sources. The mechanisms ( v o l a t i l i z a t i o n and w i n d b l o w n•iu s t) are the same as those for S i t e C o n d i t i o n 1 but wi th onep o s s i b l e a d d i t i o n a l source - ruptured tanks .
Because ruptured tanks repre sent a much s m a l l e r v o l a t i l i z a t i o nsource than the main pond and would dra in to the main pond andcontain the same m a t e r i a l s as the main p o n d , rupture of tanks isnot cons idered as a s e p a r a t e expo sure for v o l a t i l i z a t i o n . Dir-ect contact with tank m a t e r i a l s in a p a r t i a l l y ruptured tankwould be equivalent to d irec t contact with pond s l u d g e s ; there-f o r e , t h i s exposure w i l l no t b e s e p a r a t e l y a d d r e s s e d .
T h e main c o n d i t i o n s a f f e c t i n g t h e rates o f emi s s ion o f v o l a t i -l i z e d organic s and m e t a l s in w ind-b lown dust ( e . g . , c l i m a t e andv e g e t a t i o n cover) are the same as for the air exposures d e t a i l e din s e c t ion 10.1. The l o c a t i o n s of the nearest r e c ep tor s area l so the same, i n c l u d i n g occasional humans w i th in the d i s p o s a lareas. Except for the l o s s o f r e s t r i c t i o n s on the d i s p o s a lareas, the land use is a l so the same.

11.1.2 Potent i£ l_R_e_c_ep_t_or_s_
The s i t e w i l l remain remote and is assumed to r e ta in the sameres idences as the current site c ond i t i on s - n a m e l y , the t r a i l e rsouth of C l a r k Lake and the current s i t e of the S h e r i d a n homeabout one m i l e to the s ou theas t . H u m a n s in the v i c i n i t y of theassumed abandoned d i s p o s a l areas would l i k e l y be l i m i t e d to theait© owner and an occasional hunter.
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11.1.3 Mr_£athwav Exposure A s s e s s m e n t
f o r S i t e C o n d i t i o n 1 , t h e three e xpo sure l o c a t i o n s assumedt h e edge o f waste ( t o p o f t h e d ike f o r v o l a t i l i z e d organ™i c s ) , the edge of a barren area, ( f o r d u s t s ) and the nearestre s ident ( t h e t r a i l e r south o f C l a r k L a k e ) . A l l exposure s a r ethe same as those given in S e c t i o n 10 * See A p p e n d i c e s G-l and6-2 for d e t a i l s o f the emi s s ions and d i s p e r s i o n m o d e l s used.

11-2 S u r f a c e W a t e r ..Exposure Pathway
11.2.1 P o t e n t i a l S o u r c e s and Pathways.

A s shown i n T a b l e 9-1, S u r f a c e W a t e r Pathways I I A t h r o u g h I I Da r e p o t e n t i a l l y c o m p l e t e f o r S i t e C o n d i t i o n 2 . T h e s e p a t h w a y sare:
H A . R u n o f f could p o t e n t i a l l y e l u t e c o n s t i t u e n t s a n d / o rcarry eroded s o i l s to C l a r k Lake where c o n s t i t u e n t smight become a v a i l a b l e f or u p t a k e by organi sms l i v i n gin or d r i n k i n g f r o m the l ak e .
IIB. without maintenance , th e d ike s around the main pondmight e v e n t u a l l y f a i l , e m p t y i n g l i q u i d content s t o t h eC l a r k Lake dra inageway. A p o t e n t i a l f o r i m m e d i a t eacute e xpo sur e s , as we l l as subsequent chronic expo-sures f r o m any contaminat ed s ed imen t s that make it asfar as the l a k e , are p o s s i b l e .
l i e . Direct contact with s l u d g e s in the main pond due tothe lack of s i t e r e s t r i c t i o n s might occur. S u c h con-tact would be l i m i t e d to i n c i d e n t a l ing e s t i on of soilf r o m hands w h i l e working in the d i s p o s a l area; al ldirec t exposure p a t h w a y s are d i s cu s s ed in S e c t i o n11.3.
I I D . W i t h o u t maint enance , t h e banks o f t h e Brazos Rivermight e v e n t u a l l y f a i l , e m p t y i n g s i t e c o n s t i t u e n t s intothe river.

T h e p o t e n t i a l sources f o r P a t h w a y I I A a r e t h e d ike s a n d borrowpit areas around the main p o n d . T h i s p a t h w a y has the samec h a r a c t e r i s t i c s f o r a l l three s i t e c ond i t i on s . T h e expo surel e v e l s that might result f r o m the pa thways l i s t e d are d i s cu s s edin tha f o l l o w i n g subsections.
11.2-2 P o t e n t l a l Receptors

T h e pr imary p o t e n t i a l r e c ep tor f o r s u r f a c e water exposure s underS i t e C o n d i t i o n 2 f o r Pathways I I A a n d I I B i s c a t t l e a n d p o s s i b l e
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human c o n s u m p t i o n of w i l d l i f e . C a t t l e are assumed to be "resi-dent" w i t h i n t h e p r o p e r t y boundar i e s . P o t e n t i a l r e c ep t o r s f o rs u r f a c e water expo sure under b i t e C o n d i t i o n 2 f o r P a t h w a y I I Dare the aquatic l i f e in the Brazos River and p o s s i b l e humanc o n s u m p t i o n t h e r e o f .
11.2.3 S u r f a c e - W a t e r P a t h w a v _ E x p o s u r e .Asse s sment
1 1 , 2 . 3 . 1 Pathway H A : Erosion a n d _ - O v e r _ t o p p i n _ g _ Q _ f M a i nPond Dikes During .Storms.

Eros ion o f Dike s o i l s
I n order t o e v a l u a t e t h e p o s s i b l e f a t e a n d e f f e c t s o f p o t e n t i a lc o n s t i t u e n t s o f concern in s e d i m e n t s eroded f r o m the d i k e s w i tht ime , i t i s neces sary to f i r s t p r e d i c t the f a t e o f the s e d i m e n t st h ems e lv e s . The f o l l o w i n g p o i n t s a r e re l evant t o t h i s d i s -cussion:

1. In order for c o n s t i t u e n t s in d ik e s o i l s to a f f e c t con-cen tra t i on s in C l a r k L a k e , it is necessary f i r s t tot r a n s p o r t c o n s t i t u e n t s overland a n d / o r a l o n g dra inage-ways to C l a r k Lake,
2. The v o l a t i l e and s e m i - v o l a t i l e organic s w i l l tend tov a p o r i z e a n d / o r d e g r a d e en route.
3. The PCBs and metal s would tend to travel p r e d o m i n a n t l yin a s s o c ia t i on wi th p a r t i c l e s o f s ed iment . S o l u b l ef r a c t i o n s would exchange with a n d / o r sorb to s o i l s enroute, except dur ing extreme f l o o d c o n d i t i o n s whensome f r a c t i o n of the s o i l s eroded during the stormmight make it all the way to C l a r k Lake in a s i n g l e"pass".
4. The magnitude of sediment transport is a f u n c t i o n ofthe v e l o c i t y o f r u n o f f f l o w in the d r a i n a g e w a y s be-tween th e d i s p o s a l f a c i l i t i e s and C l a r k Lake. Ther u n o f f v e l o c i t y i s a f u n c t i o n o f t h e f o l l o w i n gf a c t o r s :

30-min storm 1.5a . S l o p e ( 0 . 0 0 3 f t / f t = 0 . 3 % ) ;b. R a i n f a l l i n t e n s i t y (1 yeari n c h e s ) ;c . Dis tance o f t ran spor t (1800 f e e t ) ;d . T o r t u o s i t y o f t h e dra inage p a t h ( F i g u r e 1 1 - 1 ) ;ande. I n t e r v e n i n g t o p o g r a p h y , p a r t i c u l a r l y swales andh o l l o w s which would decrease r u n o f f v e l o c i t y (seeF i g u r e 8-4, S e c t i o n 8 . 2 ) .
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III c-roded s o i l s would f i r s t f i l l t h e borrow p i t areas s u r r o u n d i n gt,he d i k e s . The volume o f the main p o r t i o n o f the borrow p i t s( t h e area between the 170 f e e t MSL contour l i n e s , F i g u r e 8 - 4 ) i sr o u g h l y equival ent to that o f the d ik e s . The sub-watershedd e f i n e d by the borrow p i t s (area s I and II on F i g u r e 8 - 4 ) iseven larger - a t o t a l area of 38 acres, i n c l u d i n g the erosionf a c e o f t h e d ik e s .
T h e r e w i l l b e n e g l i g i b l e t ran spor t o f s e d i m e n t s f r o m the borrowset d i t ch to C l a r k Lake because the s l o p e of the borrow d i t charound the d ike is n e g l i g i b l e .
The d i s c h a r g e rate f r o m the borrow pit area d u r i n g a 100-year,24-hour storm would be 50 f t 3 / s e c . (see S e c t i o n 5 of the J u l y1987 SCRI); the geometry o f the borrow d i t c h gives an R value o f1.14; the roughness c o e f f i c i e n t f or s t ra igh t and u n i f o r m earthchanne l s i s 0.02 ( K i n g & Bre ta , 1 9 6 3 ) . T h e minimum f l o w velo-city that w i l l carry sediment is 0.6 f t / s e c , a l t hough 1.0 f t / s e ci s a r g u a b l e given d a t a scatter ( B l a t t , M i d d l e t o n & M u r r a y ,1 9 8 0 ) . The Manning equation shows that a d r o p of 0.1 ft isneeded a l o n g the 2000 ft l e n g t h of the borrow d i t c h to arrive ata ve loc i ty of 0.6 f t / s e c but since the borrow d i t ch is essen-t i a l l y level on the east and north s id e s of the pond and thewest s ide is e s s e n t i a l l y level over the southern 1500 f e e t , nos ed iment f l o w would be a n t i c i p a t e d due to la ck of g r a d i e n t *
O v e r t o p p i n g o f t h e M a i n Pond
As s t a t ed in the p r e a m b l e to th i s s e c t i on , if the s i t e were tobe abandoned, the main pond on-site would g r a d u a l l y f i l l to thelowes t e l e v a t i o n on the d ike ( 1 7 6 . 5 f e e t MSL, on the northernpor t i on of the d i k e ) , expanding the water area of the pond to 19acres. T h e r e a f t e r , a volume of water equal to 19 acres timesthe r a i n f a l l (in inches) for each rain event would decant to theborrow pit areas.
The r e p r e s e n t a t i v e concentrat ions o f ind i ca t o r ch emica l s r epor t-ed in T a b l e 9-2 for waters in the main pond are based on watervolumes c o r r e s p o n d i n g to e l e v a t i o n s at l eas t three f e e t be low176.5 MSL and current data ( 1 9 8 4 - 1 9 8 7 ) . In al l cases for thei n d i c a t o r c h e m i c a l s , the 1984 d a t a are much h igher than thosec o l l e c t e d in 1987, even immedia t e ly a f t e r p u m p i n g most of thes t a n d i n g water out of the p o n d . As the pond f i l l s and timeal l ows degradat ion to occur, the concentration of organic con-s t i t u e n t s f o u n d in the pond water w i l l decrease even more.
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Once the pond i s f i l l e d , the c oncentra t i ons l i k e l y in any watero v e r t o p p i n g the d ike s would be f u r t h e r d i l u t e d by at l ea s t af a c t o r o f two ( a s s u m i n g that the d i s p l a c e d water i s h a l f rainand h a l f s t a n d i n g pond w a t e r ) . F l o a t i n g o i l / e m u l s i o n l a y e r s onthe pond s u r f a c e would tend to either r a f t up on higher p o r t i o n sof the d ike or be carried over the low po in t and sorb to thed i k e s l o p e s and edge s of the borrow p i t s , to be covered by oreroded wi th d ik e s o i l s d u r i n g succeeding rains.
The " d i l u t i o n volumes" generated by a 100-year 24-hour storm(about 12 inches of r a i n ) for the C l a r k Lake watershed have beenc a l c u l a t e d ( T a b l e l l - l ) . T h e t o t a l i n f a l l volume t o t h e mainpond for the same storm would be 19 acre-fee t of water (about2 . 3 4 x 10 7 l i t e r s ) . The d i l u e n t c a p a c i t y o f the watershedd r a i n i n g the s i t e area for the storm would be 1.32 x 10 8 l i t e r sf r o m r u n o f f a n d i n f a l l , p l u s a n a d d i t i o n a l s t a n d i n g volume i nC l a r k Lake o f 8.97 x 10 7 l i t e r s . A s s u m i n g that the i n f a l l tothe pond d i s p l a c e s an equal amount o f s t a n d i n g pond water a f t e rm i x i n g ( 1 : 1 ) , t h e t o t a l d i l u t i o n a v a i l a b l e would b e ( 2 . 3 4 x1 0 7 / 2 ) / ( 2 . 2 2 x 10 8 ) = 0.11 t imes the i n i t i a l concentra t ion inthe main p o n d . W h i l e these volumes do not account for any waterl o s s due t o i n f i l t r a t i o n , th e r e su l tant d i l u t i o n c a p a c i t y wouldno t change s i g n i f i c a n t l y because the i n f i l t r a t i o n c a p a c i t y o fthe se s o i l s i s low. A c c o r d i n g t o M u s g r a v e and H o l t o n ( 1 9 6 4 ) ,c l a y e y and loamy s o i l s ( w h i c h the Brazor ia-Norwood A s s o c i a t i o nat the s i te is c l a s s i f i e d as) have an i n f i l t r a t i o n c a p a c i t y of0.05 to 0.15 inches per hour. A s s u m i n g that most ( > 9 5 % ) of the12 inches of rain occur in the f i r s t 12 hours of the 24-hourstorm event (as is evidenced by the p r e c i p i t a t i o n record of Nov.I, 1 9 4 3 ) and u s ing an i n f i l t r a t i o n c a p a c i t y of 0.075 inches perhour, the amount of i n f i l t r a t i o n d u r i n g a m a j o r storm would be:

0.075 i n c h e s / h r x 12 hours =0 .9 inches.
T h i s i s t h e amount o f r a i n f a l l which i n f i l t r a t e s into th e s o i l .The percent o f r u n - o f f f r o m the storm i s then:

00

R u n o f f - = * 9 2 5 ° r 9 2 ' 5 %

H e n c e , most o f the water w i l l not i n f i l t r a t e the s o i l , but w i l lb e a v a i l a b l e t o r u n - o f f . A l s o , note that th i s d i l u t i o n f a c t o rdoes not include water running to the C l a r k Lake system f r o m anysource other than main pond and borrow pit area. T o t a l water-shed d i l u t i o n c a p a c i t y i s c o n s i d e r a b l y higher.

11-7
E839



CO40 t A B U 1 1 - 1

E s t i m a t e d R u n o f f v o l u m e s f t > f a I O O - Y C S F , 24-nour S E o t s n t n t h e C l a r k t a k e w a t e r shed

t a r l o o - v c a r . 14-Hcnae s iom

H*I-1

r00

R u n o f f c o m p a r t m e n t

B o r r o w D c t c f r i area
A r e a ( i i D
west End. C t a c k take
A r e a I l i a * i v
M a m Pond . C l a i k t a k e

S U B T O T A L

M a i n Pond. o t s p o i a t A r e a

G R A N D T O T A L S

E s U m d t e d
A s s u m e d A v e t a g e o e p t t i S t a n d i m a C a p a c i t y R u n o f f

A c r e a a e s t a n d c r s ® caonc i l y { 1 1 ( & r s j ( I i t e r n ) i \ i l e t s >

38 NA N* 0 NA 4 i9f »07
1 8 N A N A 0 N A 2 1 ! E » Q 7

33" 3 ' 6 ' 9 T 7 F * 0 6 < 3 9 1 F * 0 7 "• NA
J O 9 N A N A 0 N * L 2 i f l E - 0 7

a.t • 1O ' 14 ' 7 , 9 9 f . » 0 7 ( 6 S t « O a •• NA

..̂ .0, ,o».« ..K..7

1 9 N ^ 7 . S ' N A t A V E ' 0 3 N * .

1 9 5 6 f l 97E*07 3 . 4 3 F » O 8 9 . 4 9 > £ * C J 7

D i r e c t R e t u d a t i E
t n f a l l t O U i R U l t t t d l 1

( t t i e r s)' U t t e c i i

N A 4 6 9 i * G f
NA 2 2 2 6 * 0 ?

fl 14E*06 4 ©7E *06
N A 2 S f t E * 0 7

t S O E ' O ? * 9 9 ( * O 6

2 31E *&7 1 &9t »08

2 341 +07 1 S46 *UT

4 6 6 C ' O 7 I 3 i i E « O a

N O T E S : v o f u m c i f o e t h e m a i n pond artd c i a t H l a k e were c a l c u l a t e d a s s u m i n g a r e c t a n g u l a r t t o s s - s e e l i o n , c o r t e e l e d l o t
s t o p e s D y m u l t i p l y i n g b y o s t o r e d u c e t h e r e s u l t a n t volume & y 2 0 p e r c e n t

vo lume s o r r u n o f f f o r n o n - b a s f n a r e a s were c a l c u l a t e d b y m u f u p f y i n g t o t a l r a i n f a l l c t i i n c h e s > t i m e s t o t a l a c r e a s a n d
conver t s n g E o m e t e t c u n i t s U > t l e r s > v o l u m e s f o r m i a I f a r e c a l c u l a t e d E > y m u i 1 1 p l y i n g 1 1 i n c t v e s

t h e c a p a c t E y a c r e a g e s f o e t h e l a k e a n d m a m pond ( i < ? a c r e s )
1 1 A c r e a g e m e a s u t e d a t w a t e r l e v e l , o f 1 6 1 M S L • s t a n d i n g vo tuma a c r e a g e

" • A c r e a g e m e a s u n e d a t w a t e r l e v e l o f ? 6 5 ' R S t • c a p a c i t y v o l u m e
f o p t h e west e n d o f C l a c k l a k e , c a p a c i t y acreage • ' £ l i m e s s t a n d i n g acreage .
F o r t H e team pond o f d a r k t a k e , c a p a c i t y a c r e a g e • i 5 t i m e s s t a n d i n g a c r e a j e .

0 1 1 4 1 9



11.2.3 .2 Pathway _IIBj _ F a i l u r e of M a i n Pond Dikes
I f t h e main pond d ike f a i l s , t h e volume o f l i q u i d s d i s c h a r g e d t cthe C l a r k Lake watershed f r o m the s i t e would be a p p r o x i m a t e l y1.41 x 10 s l i t e r s . A s s u m i n g f a i l u r e occurs c a t a s t r o p h i c a l l y butnot in as soc iat ion with a storm event/ the borrow pit area (38acres t imes an average d e p t h o f three f e e t ) could contain theentire contents of the pond with e s s e n t i a l l y no dra inage toC l a r k Lake*
If f a i l u r e occurs during the 100-year, 24-hour storm, the d i l u -t i on f a c t o r would be (1,41 x 1 0 8 ) / ( 1 . 4 1 x 10 8 + 1 .32 x 10 8) -

11 .2 .3 .3 P a t h w a y . I I P ; . . P o t e n t i a l l y C o m p l e t e S u r f a c ePathway. ( W o r s t _Ca_se_) : Bank. F a i l u r e _o_f j:he_River r~
T-Risk s a s s o c ia t ed wi th t h i s p a t h w a y ar e d i f f i c u l t t o q u a n t i f y dueto the number of a s s u m p t i o n s that have to be made to pred i c tr e s u l t a n t l o a d s to the river. For in s tance , a s s u m p t i o n s wouldhave to i n c l u d e e i ther an average erosion rate or a number ofevents needed to erode the entire d i s p o s a l area into the BrazosRiver . T h e r e f o r e , th i s p a t h w a y has not been eva lua t edq u a n t i t a t i v e l y .

The bank f a i l u r e p a t h w a y would a lways be an acute ( i . e . , e p i s o d -ic) t y p e of exposure. It is very u n l i k e l y that this exposurew o u l d be s i g n i f i c a n t due to the a v a i l a b l e a s s i m i l a t i v e c a p a c i t yof the river. Moreover, such an acute exposure would be veryu n l i k e l y to re su l t in any r e s i dua l chronic e f f e c t s e i ther toaquat ic l i f e or t o humans ( e . g . , v ia f o o d - c h a i n u p t a k e ) becausethe dynamic s of the event are such that any organisms in the"event p l u m e " (and able to remain in p l a c e ) would not experiencethe p l u m e concentrations for a long enough period of time toa s s i m i l a t e any c o n s t i t u e n t s o f concern. In summary, th i s p a t h -way would p r o b a b l y result in some increased risk to aquatics p e c i e s but because of the acute nature of the expo sure , isu n l i k e l y to re su l t in s i g n i f i c a n t risks to humans.
11. 3 Dir_ec_t_ Expo sure to W a s t e . C o m p a r t m e n t s
Direct e xpo sure to the wastes at the s i t e might occur under theabandoned c o n d i t i o n s assumed f o r S i t e C o n d i t i o n 2 . T h e poten-t ia l direct exposures include:

1) dermal contact with s o i l s , s l udge s or water in allwaste compartment s .
2 ) i n c i d e n t a l inge s t i on o f s o i l s a n d s l u d g e s f r o m a l lwaste compartments on the hands.
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At the S h e r i d a n S i t e there are three areas that c on ta in was t e s:the main pond s l u d g e s , the e v a p o r a t i o n sys t em s l u d g e s and themain pond d ik e a f f e c t e d s o i l s . The s l u d g e s in the main pond ande v a p o r a t i o n sys t em present the gr ea t e s t p o t e n t i a l risk becausethe a c c e s s i b i l i t y presents a greater l i k e l i h o o d of direct con-tact by humans or w i l d l i f e . U n l i k e the main pond and evapora-t ion sys t em s l u d g e s , the a f f e c t e d s o i l s in the d i;ca are coveredwi th u n a f f e c t e d soil and v ege ta t iv e cover. Dike borings indi-cated that a f f e c t e d s o i l s are covered by an overburden of threeor more f e e t of v e g e t a t e d , secure s o i l s . T h u s , the d ik e s pre-sent a much l e s s s i g n i f i c a n t risk than the other two compart-ments. Of course, to the extent that there are expo s ed s l u d g e sor a f f e c t e d s o i l s on the d i k e s , the p o t e n t i a l risk would begr ea t e r , p r o b a b l y p r e s e n t i n g risks c o m p a r a b l e t o e v a p o r a t i o nsy s t em s l u d g e s .
T h e r e f o r e , f o r s i t e C o n d i t i o n 2 , a t o t a l l i f e t i m e body load i sc a l c u l a t e d for the r emaining c o m p a r t m e n t s , i.e., pond s l u d g e andevapora t iv e system s l u d g e , us ing a l l i n d i c a t o r c h e m i c a l s pre s en tin that compar tment .
The hazard index a n d / o r cancer risk for each ind i ca t o r chemicalwas c a l c u l a t e d and arranged for each compar tment . T h i s arrange-ment a l l o w e d th e d e t e r m i n a t i o n o f a T o t a l H a z a r d I n d e x and T o t a lCancer Risk for each compartment based on the risk pr e s en t ed byeach i n d i c a t o r chemical in that c ompar tmen t . T h e s e e xpo sure sare compared to EPA-recommended C r i t i c a l T o x i c i t y V a l u e s ( S u p e r -f u n d P u b l i c H e a l t h E v a l u a t i o n M a n u a l , E P A / 5 4 0 / 1 - 8 6 / 0 6 0 ) .

11.3.1 E x p o s u r e A s s u m p t i o n s
In order to eva lua t e the risks to humans posed by p o t e n t i a lect contact wi th waste at the s i t e , it is necessary to assumet y p i c a l human body size and we ight . T y p i c a l value s as r epor t edby H a w l e y ( 1 9 8 5 ) are summarized in T a b l e 11-2. T h e s e va lue s arerelevant to S i t e C o n d i t i o n 2 exposure and would a p p l y to thes p o r t s p e r s o n s v i s i t i n g the s i t e d u r i n g the hunt ing s eason, or tothe s i t e owner, that is, to a r a n c h e r / h u n t e r for assumed ages 12to 70 years. W h i l e the average s u r f a c e area of the hands andarms of the adu l t i s given as 0.34 m 2 ( T a b l e 1 1 - 2 ) , t h i s amountof s u r f a c e area does not n e c e s sar i ly repre sent the most l i k e l yextent of adherence by soil to skin.
A v i s i t o r to the s i te w i l l be wearing a short sleeve shirt or al o n g sleeve shirt with the sleeves r o l l e d up in warm weather.During the three to f i v e months of co ld weather in f a l l and win-ter, the v i s i t i n g i n d i v i d u a l most p r o b a b l y w i l l be wearing l ongs l e eve s , and on occasion, g love s . H o w e v e r , to a l l o w for a con-servative scenario, it w i l l be assumed that the visitor to the
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1 1 4 2 2



I
s i t e w i l l be wearing e i ther short s leeves or r o l l e d - u p s l e eve sthroughout t h e year. T h i s c l o t h i n g w i l l p ro t e c t t h e u p p e r armsof the s i t e v i s i t o r f r o m exposure to s o i l . F u r t h e r m o r e , a visi-tor at the s i t e w i l l be p e r f o r m i n g o n l y i n c i d e n t a l t a sk s thatw i l l br ing him into contact with s o i l .
For these two reasons — the presence of c l o t h i n g and thei n c i d e n t a l , occasional nature of contact wi th soil by an a d u l t— it is assumed that the s u r f a c e area of skin that w i l l beexpo s ed on an i n c i d e n t a l basis w i l l be on the hands and f o r e -arms. T h i s area r epr e s en t s a p p r o x i m a t e l y o n e - h a l f o f the t o ta ls u r f a c e area of the hands and arms, or 0.17 m 2 ( H a w l e y , 1 9 8 5 ) .
F r o m t h i s s u r f a c e area, a unit soil exposure (in mg s o i l / d a y )can be c a l c u l a t e d u s ing the f a c t o r for so: 1 adherence to s k i n /which is g iven as 11.0 mg soil per 21.5 cm2 skin s u r f a c e areap e r d a y ( H a w l e y / 1 9 8 5 ) . T h u s , unit soil e xpo sure f o r hand s a n dfor earms is 870 m g / d a y ( 1 , 7 0 0 cm2 x [ 1 1 . 0 mg s o i l / 2 1 . 5 cm 2] xI / d a y ) ( T a b l e 1 1 - 3 ) .
Once the age and s ize of the human r e c ep t or is p o s t u l a t e d , thenext s t e p is to set up the worst-case ( a c u t e ) expo sure condi-t ions under which the human might contact c on tamina t ed soil int h e abandoned d i s p o s a l area. For th e p u r p o s e s o f th i s a n a l y s i sfor S i t e C o n d i t i o n 2, i t i s assumed that a ranch er /hun t e r hasoccasion to work or hunt in the d i s p o s a l area 52 day s per year(one day per w e e k ) .
In order to conservatively assess the risk f r o m exposure toa f f e c t e d s o i l s arid s l u d g e s a s s o c ia t ed wi th v i s i t a t i o n t o am u l t i - c o m p a r t m e n t a l s i te such as the S h e r i d a n S i t e , the risk for52 v i s i t s pear year was assessed s e p a r a t e l y for the main ponds l u d g e and the evapora t iv e s l u d g e . T h i s a p p r o a c h serves twop u r p o s e s : 1) i t p r o v i d e s the most conservative e s t i m a t e of riskfor these two c o m p a r t m e n t s by a l l o w i n g one visi t per week toeach, r e g a r d l e s s o f i t s r e l a t i v e acreage, and 2) i t a l l o w s f ordirect c ompar i s on of the overal l r e l a t i v e risk p r e s e n t e d by eachcompar tment .

11.3.2 pirect-B_xi3osur_e_ Cri t er ia Compar i s on s
A l l d irec t contact e xpo sur e s a r e e va lua t ed f o r S i t e C o n d i t i o n 2by c a l c u l a t i n g a y e a r l y "dose" f r o m each waste compartment andsumming all the dose values . An average total chronic D a i l yI n t a k ® (CDI) per year i s then c a l c u l a t e d by d i v i d i n g th e t o t a ly e a r l y exposure by 365 days and 70 kg. The subchronic D a i l y In-take (SDI) i s c a l c u l a t e d by summing the worst p o s s i b l e t o t a lexpouur© that might occur in a s i n g l e day and d i v i d i n g by 70 kgo f body weight ( T a b l e 1 1 - 3 ) .
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II T h e T o t a l Y e a r l y E x p o s u r e ^ T Y E ) f o r each c o m p a r t m e n t i s calcu-l a t e d a s f o l l o w s :
£ O R D E R M A L E X P O S U g f i T O S O I L :

TYE - Cone , o f c on taminant ( K g / 1 0 6 mg s o i l ) X body areaexpo s ed ( c m 2 )
x 11 mg s o i l / 2 1 . 5 cm2 skin s u r f a c e
x f r equency o f e xpo sure ( d a y s / y e a r )
x d u r a t i o n o f e xpo sure ( h o u r s )
x a b s o r p t i o n f a c t o r ( % / t i m e in h o u r s )
= t o t a l y e a r l y dermal e xpo sure in mg c o n t a m i n a n t / y e a r IA

CM

F O R G A S T R O I N T E S T I N A L E X P O S U R E T O S O I L :
T Y E ~ C o n e , o f c on taminant ( k g / 1 0 6 m g s o i l )

x unit o f inge s t ed soil [ ( m g s o i l ) / d a y ]
x f r e q u e n c y o f expo sure ( d a y s / y e a r )
x a b s o r p t i o n f a c t o r ( % )
= t o t a l y e a r l y g a s t r o i n t e s t i n a l e xpo sur e in mg contam-i n a n t / y e a r

Data on dermal and g a s t r o i n t e s t i n a l a b s o r p t i o n rates and soilmatrix e f f e c t s for each ind i ca t or chemical are given in T a b l e11-4,
All areas, f a c t o r s , f r e q u e n c i e s and d u r a t i o n s o f expo sure ar ed e t a i l e d in T a b l e 11-5A through 11-5M for each i n d i c a t o rchemica l .
In accordance with EPA g u i d a n c e , t o ta l SDI values ar e comparedt o a v a i l a b l e A c c e p t a b l e I n t a k e S u b c h r o n i c ( A I S ) values f o r eachi n d i c a t o r chemica l . C a l c u l a t e d t o ta l G D I value s ( m g / k g - y e a r /3 6 5 ) a r e compared t o a v a i l a b l e p u b l i s h e d A I C ( A c c e p t a b l e I n t a k eC h r o n i c ) value s . F o r carcinogens, a v a i l a b l e Cancer PotencyF a c t o r ( C P F ) values were t a b u l a t e d a n d t h e r e s u l t a n t u p p e r boundcancer risk for each ind i ca tor chemical ( a s s u m i n g 58 years ofe x p o s u r e ) w a s d e t e r m i n e d . ( S e e T a b l e s 11-5A through 1 1 - 5 M ) .
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11*3.3 C a l c u l a t i o n o_£_TQl:a l H a z a r d I n d i c e s . a n g L T o t a lCarciiip^ea;Lc_ Risk
I n d i v i d u a l carcinogenic and non-carcinogenic risks for eachi n d i c a t o r c h e m i c a l , and the t o t a l carc inogenic and non-cargin-ogenic risks for the main pond and e v a p o r a t i o n s y s t e m , aresummarized in T a b l e s 11-6A and 11-6B. A H a z a r d I n d e x (HI) wasc a l c u l a t e d for each non-carcinogenic compound as f o l l o w s :

H I C D I / A I C * 100 « % Of AIC
T h e T o t a l H a z a r d I n d e x f o r each compar tment w a s then c a l c u l a t e dby summing the H a z a r d I n d e x values f or each i n d i c a t o r ch emi ca l .
P o t e n t i a l ri sks for carcinogens are e s t i m a t e d as p r o b a b i l i t i e sof excess cancer risk as a re sul t of e xpo sure . U p p e r boundl i f e t i m e excess cancer risks are es t imated by m u l t i p l y i n g thec u m u l a t i v e dose received d u r i n g the period o f e xpo sure (averagedover the l i f e t i m e o f e x p o s u r e ) t imes th e cancer p o t e n c y f a c t o r
( C P F ) , i.e., R I S K = G D I x C P F .

The u p p e r bound risks o f a l l the carcinogenic i n d i c a t o r chemi-cal s in an ind iv idua l compartment were then summed to give thetotal carcinogenic risk for that compartment. The total car-c inogenic risk for each compar tment of main pond s l u d g e andevapora t iv e sys t em s l u d g e was computed according to the f o r m u l a :

o

n
T o t a l C o m p a r t m e n t a l C a r c i n o g e n i c Risk = j ) ( 5 8 / 7 0 )

i » 1

where CDIj -chronic d a i l y I n t a k e o f individual indica torchemical
cancer potency f a c t o r of individual indica-tor chemical

n - 13

As shown in T a b l e s 11-6A and 11-6B, the total upper bound car-cinogenic risk and the T o t a l H a z a r d I n d e x for each compartmentundar S i t e C o n d i t i o n 2 are as f o l l o w s ;
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T o t a l C f > E E P A A E CI N D I C A T O R C H E M I C A L ( m o / k g - d a y ) ( m g / k g - d a y )

Benzene 3.37E-06 NA
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Compartment
M a i n Pond S l u d g e
E v a p o r a t i v e Pond S l u d g e

T o t a lH a z a r d ^ E n d e x
1.23%
0.18%

T o t a lCarcinogenic Risk
7.20E-05
1.09E-05

EPA guidance ind i ca t e s that the g e n e r a l l y accepted range fort o ta l u p p e r bound excess cancer risk is 1 x lo~4 to 1 x 10*7.T y p i c a l f a c t o r s that impact s e l e c t i o n o f t h e a p p r o p r i a t e ri sklevel f r o m within thi s range for a given site i n c l u d e :
1 ) S i t e c h a r a c t e r i s t i c s ;2) Current and a n t i c i p a t e d f u t u r e e x p o s u r e ; and3) Current and a n t i c i p a t e d f u t u r e uses.

Based upon an evaluat ion of these f a c t o r s , a risk level of 1.0 x10~6 was s e l e c t ed as the benchmark for c ompara t iv e risk l eve le v a l u a t i o n s f o r t h e S h e r i d a n S i t e . T h i s level takes into accounts i te f e a t u r e s such as remote rural l o c a t i o n , which l e a d s to avery l imi t ed receptor p o p u l a t i o n , in combination with the l i m i t -ed l i k e l i h o o d for a d d i t i o n a l f u t u r e d e v e l o p m e n t .
The 1 x 10"5 risk level was a l so s e l e c t e d in r e cogni t i on of sev-eral of the conservative a s sumpt i on s that go into deve lopment ofthe estimated risks derived f r o m the various exposure scenarios,For e x a m p l e , in m o d e l i n g e i ther direct contact or ground watere xpo sur e s over an e x t e n d e d p er i od of t ime , it is assumed tha te x i s t i n g cons t i tuent concentrat ions do not d imin i sh over t ime.However, over the 50 or more estimated years of exposure, exist-ing site cons t i tuent s would d imini sh in concentration eitherthrough re l ease to the a tmospher e or natural d e g r a d a t i o n pro-cesses. The r e su l t i s p a r t i c u l a r l y true f o r v o l a t i l e c o m p o u n d spresent near the s u r f a c e . A d e q u a t e overall p r o t e c t i o n wi l l bemaintained if a 1 x 10~5 risk level is achieved.
The main pond s l u d g e and evapora t iv e pond s l u d g e for each pre-sent a t o t a l carcinogenic risk in excess of 10*6, and in eachcase the m a j o r i t y of th i s risk re sul t s f r o m the presence ofPCBs.
11-4 SQ-il. Expo sur e

11-4.1 P o t e n t i a l Sources .and Pathways
As summarized in T a b l e 9-1, there are x-.wo s o i l - r e l a t e d p a t h w a y sthat might be c o m p l e t e d under S i t e C o n d i t i o n 2 a s s u m p t i o n s .Thes© are:

O
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P a t h w a y I I I A : Direct contact wi th s l u d g e s o f t h e main pondor other s i t e s o i l s and i n c i d e n t a l inge s-t ions a s soc ia t ed wi th such contac t .
P a t h w a y I I I C : F o o d - c h a i n u p t a k e o f m e t a l s by p l a n t s growing on c on tamina t ed soil and p o t e n t i a l cons u m p t i o n by humans.

Risk associated with direct contact and inges t ion for PathwayIIIA have a l r e a d y been considered in S e c t i o n 11.3 above. Risk sf o r Pathway IIIC are discussed in th e f o l l o w i n g subsection.
11.4.2 P o t e n t i a l J B e c e p t o r s

T h e p o t e n t i a l r e c e p t o r f o r direct contact w i th a f f e c t e d s o i l sand s l u d g e s is the rancher /hun t e r working a n d / o r hun t ing on thep r o p e r t y . S p e c i f i c e xpo sur e c o n d i t i o n s a n d f r e q u e n c i e s f o rthese persons are discussed in S e c t i o n 11.3.1.
T h e primary receptors f o r Pathway I I I C food- cha in uptake a r ec a t t l e and w i l d l i f e f e e d i n g in the area o f the s i te . A s s u m e d"indicator" w i l d l i f e i n c l u d e ducks , q u a i l , deer and rabbi t s .

Pathway IIIC;__ c on sumpt i on o f Organi sms .Growing _Q.nOr F e e d i n _ i n Contaminated11.4.3

The main concern for this pathway is the p r o p o r t i o n of to ta lc a t t l e f o r a g e which might be consumed f r o m p l a n t s growing onsite acreage with p o t e n t i a l l y contaminated s o i l s . The t o t a lacreage o f range land assumed to be a v a i l a b l e for S i t e C o n d i t i o n2 is 600 acres. The d i s p o s a l area, 92 acres, covers 19% of thecotal a v a i l a b l e range l a n d . The t o t a l range a v a i l a b l e i s then600 acres minus 12 acres in C l a r k Lake minus u n g r a z a b l e acreagewithin the former d i s p o s a l area.
For S i t e C o n d i t i o n 2, the d i s p o s a l area would consist of thef o l l o w i n g : 19 acres of water in the main p o n d ; 13 acres ofexposed d i k e ; about 18 acres of borrow d i t c h ; and 42 acres inthe evapora t i on sy s t em, about h a l f o f which (20 acre s) s tays wetmost of the year. T h e r e f o r e , of the t o t a l acreage wi th in thed i s p o s a l area (92 acre s) , 39 acres ( 4 2 % ) are u n a v a i l a b l e forg r a c i n g due to water or wetnes s , even dur ing the dry s p e l l s . Inrainy season, the remaining 22 acres of the evaporation systemare unusable because of s t a n d i n g water.
Based on these numbers, it is c a l c u l a t e d that an animal canspend a maximum of only 9% of t o ta l year ly g r a z i n g time in thed i s p o s a l s i te area. T h i s makes a t o ta l of 32 days (9% x 365d a y s ) on f o r a g e on and a d j a c e n t to the waste s i te and 332 days( 9 1 % x 365 d a y s ) on "background 1 1 f o r a g e . '„....
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I Range carrying C a p a c i t y Probable îsk to C a t t l e
The range c a p a c i t y of th i s area is 1 AU/3 acres (AU « animalunit « 1 cow and 1 c a l f ) on improved pas ture and 1 AU/7 acres onaverage condi t i on unimproved pasture ( M i k e S h i l v e y , T e x a sA g r i c u l t u r a l E x t e n s i o n S e r v i c e , p er sonal c ommuni ca t i on , J a n u a r y1988) . At these range c a p a c i t i e s , 174 A U / y e a r could be main-tained on 600 acres of improved r a n g e l a n d ; 74 A U / y e a r could bemaintained if the acreage were unimproved.
A c c o r d i n g to Brown et al ( 1 9 8 3 ) , p l a n t s wi l l g e n e r a l l y up take nomore than one percent of the metal content in the s o i l , up tothe p o i n t at which the so i l c onc en tra t i on becomes p h y t o t o x i c .T a b l e 11-7 shows the c onc en tra t i on of m e t a l s f o u n d in the s o i l ,p l a n t up take and the u p p e r level of chronic d i e tary exposure ofme ta l s which wi l l not a f f e c t p r o d u c t i o n for c a t t l e (Brown e t al ,1983) -, As can been seen f r o m thi s t a b l e , pr ed i c t ed p l a n t con-c en t ra t i on s are we l l b e l o w a c c e p t a b l e f o r a g e c onc en tra t i on s .
Blood s a m p l e s and fat t i s sue were a n a l y z e d in J a n u a r y 1986 f r o mMr. S h e r i d a n ' s c a t t l e f o r lead and PCBs r e s p e c t i v e l y , f o r t h eSource Control RI ( J u l y 1987} . T h e s e data show no d e t e c t ab l el ev e l s for either constituent ( T a b l e 11-8) . Trace amounts ofDDE were d e t e c t e d in the GC scans f r o m f o u r d i f f e r e n t fa t t i s su es a m p l e s . DDE is a m e t a b o l i t e of DOT and its presence is b e l i ev-ed to be due to the h i s t or i ca l use of DDT at the s i te . Even so,the detected l eve l s of DDE are well below the USDA A c c e p t a b l eLeve l s for this compound in c a t t l e ( T a b l e 11-9) . The s e dataindicate that there is minimal bioaccumulation of these com-p o u n d s in c a t t l e f o r a g i n g at the s i t e .
H u n t i n g
The hunting seasons overlap for deer, quail and ducks. Duckseason is a s p l i t season t y p i c a l l y running f rom October 31 toNovember 8, and then f r o m November 21 to J a n u a r y 17, a t o ta l of67 days . Quail season is open f r o m N o v e m b e r 7 to F e b r u a r y 28 (at o t a l of 114 d a y s ) and deer season is f r o m N o v e m b e r 7 to J a n u a r y3, a to tal of 50 days which are ov er lapped by the other twoseasons. T h u s , the area would be avai lab l e for hunting for amaximum total of 114 days each year.
The average s p o r t s p e r s o n l i v i n g near the s i t e (say, wi th in a 50mile r a d i u s ) might spend as much as six days per year hunt ing onthis p r o p e r t y (two days each for duck, quail and deer) . Assum-ing an e s p e c i a l l y competent hunter who always makes his quotaeach day, the hunter may obtain up to ten ducks ( p o p u l a t i o n per-m i t t i n g ) , 24 quail and two deer per season.
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C U 4 1 T A B L E 11-7
S u m m a r y o f P r e d i c t e d P l a n t C o n c e n t r a t f o n s a n dC o m p a r i s o n t o A c c e p t a b f e U S D A F o r a g e C o n c e n t r a t i o n s

S u r f : c i a f s o i l C o n c e n t r a t i o n s P r e d i c t e d P l a n t ra 1 )
A L J U V K < j l d u e C V f l f J Q J I a t I U C I - _ _ - - _ _ _ - _ - _ - _ - _ _ _ _ _ - _ _ _ - _ _ _ - _ _ _ - - _ _ . _ _ _
D i k e S o i l s S y s t e m S o i l s D i k e S o i l s E v a p . S y s . S o i l sM e e a £ ( m g / k g j C m g / k g ) ( r u g / k g ) ( r a g / k g )

A S A S A S A S
D r y W t W e t W t D r y W t W e t W t

C h r o m i urn 7.5 25.8 . 075 0 . 02 1 . 03 . 258
as CLas O x i d e

L e a d 9 41. a ,09 0.02 1.67 .418
1 N i c k e l 10.5 17.7 .105 0.03 .708 . 177u>

Z i n c 38.5 7 3 . 5 .385 0 , 0 1 2 .94 .735

f t i n - e p t ait \ «; r-(
C o n c e n t r a t i o n

( m g / k g )
A S

D r y W t

1000
3000

30
50

500

L H r i y t ;

A Swet Wt

250
750
7.5

1 2 . 5
125

N O T E S ;
H ) Brown, K . W . , C . B . E v a n s a n d B , D . F e r n r u r > , 1983. H a z a r d o u s W a s t e L a n d T r e a t m e n t .B u t t e r w o r t r t P u b l i s h e r s , W o b u r n , M A . 6 9 2 p p . u p t a k e ~ < 1 % o f s o i l c o n c e n t r a t i o n .D r y w e i g h t f o r f o r a g e i s a p p r o x i m a t e l y 2 5 % o f w e t w e i g h t , s o e f f e c t i v ew e t w e i g h t c o n c e n t r a t i o n s a r e 2 5 % o f d r y w e f g h t c o n c e n t r a t i o n s .
( 2 ) Brown, e t a i , 1983.
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TABLE 11-8
C A T T L E BLOOD S A M P L I N G A N A L Y T I C A L R E S U L T S

( R I D a t a , J a n u a r y 1 9 8 6 )

i A n i m a l
C A l

* C A 2
C A 3
C A 4
C A 5
C A 6
C A 7
C A 8
C A 9
C A 1 0
C A 1 1
C A 1 2
CAl 3

Blank F a t T i s s u e

Blood Lead._ f p P i n
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2

F a t PCBs DDE

N D / N D ( < 0 . 1 )
N D ( < 0 . 1 )
N D ( < 0 . 1 )
N D ( < 0 , 1 )
N D ( < 0 . 1 )
N D ( < 0 . 1 )
N D ( < 0 . 1 )
N D ( < 0 . 1 )
N D ( < 0 . 1 )
N D ( < 0 . 1 )

N D ( < 0 . 0 1 )
N D ( < 0 . 1 )

0 . 2 7 , 0.24
N D ( < 0 . 1 )
N D ( < 0 . 1 )
N D ( < r 0 . 1 )

0 , 2 8
N D ( < 0 . 1 )
N D ( < 0 . 1 )
N D ( < 0 . 1 )

0.37
0.55

N D ( < 0 , 1 )
N D ( < 0 . 1 )

r-

O

* - R e p l i c a t e f a t t i s sue s a m p l e s were a n a l y z e d f o r CA2.
N D - N o t Dete c t ed

- Not A n a l y z e d
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T A B L E 11-9

S U M M A R Y O F D D E R E S I D U E L E V E L S
I N C A T T L E F A T T I S S U E

( R I D a t a , J a n u a r y 1 9 8 6 )

i C a t t l e
Bull 2 yr.D u p l i c a t e

D D E . _ ( . p p m )
.27
,24

U S D A A c c e p t a b l eD D K . L e v e l s
00

C a l f 6 mo.

C a l f 6 mo.

Cow 2 yr.

.28

,37

.55

O
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Deer and quail could c onc e ivab ly l i v e on the p r o p e r t y , as l o n gas the new owner keeps his c a t t l e f r o m o v e r g r a z i n g the range forthe deer and f e n c e s them out of pr ime brush hab i ta t for thequail . Most game ducks; are migratory and g e n e r a l l y would not bere s ident l o n g enough t o a c cumula t e s i g n i f i c a n t body l o a d s .F e e d i n g ranges for the deer would be much larg er than th@ acre-age assumed for the new owner; even if it were no t , the soill ev e l s and pr ed i c t ed J f o r a g e concentrations would be pro t e c t iveof deer as we l l as c a t t l e (see abov e) . The number of quail andduck shot per season would be s u f f i c i e n t to p r o v i d e one meal fort h e annual f a m i l y reunion f o r t h e s p o r t s p e r s o n ( s ) invo lved .T h u s , i t i s h i g h l y u n l i k e l y that consumption of w i l d l i f e shot inthe s i t e area by a v i s i t i n g s p o r t s p e r s o n would have any h e a l t hrisk.
The only non-regulated game spec ie s l i v i n g in hab i ta t s a v a i l a b l eon the s i t e that has p o t e n t i a l for more f r equ en t h u n t i n g by aranch owner is rabbi t . Rabbi t s would l ive in th i s area p r o v i d e dthat the brushy h a b i t a t they oc cupy is not d e s t r o y e d f r o m over-graz ing by c a t t l e . Assuming that rabbits are common on the pro-p e r t y , it is conce ivable that the ranch owner would hunt rabb i t s52 t imes per year (1 day per w e e k ) . If the ranch owner was 75%s u c c e s s f u l , he could catch and eat 39 r a b b i t s / y e a r . If theserabbi t s are evenly d i s t r i bu t ed over the entire area, only f i v e( 1 : 5 % ) would have been in contact with the waste d i s p o s a l area.W h i l e the amount of intake and a c c u m u l a t i o n by the rabbit isunknown, it is u n l i k e l y that it would be s i g n i f i c a n t over ther a b b i t s ' l i f e t i m e (3-5 y e a r s ) because the rabbit would not spendall of i t s time in direc t contact w i th any waste c o m p a r t m e n t .T h a t is, the rabbit would spend much of its t ime in brushy areasaway f r o m e xpo sur e to waste.
11.5 Ground W a t e r Exposure. Pathway
T h e r e is no e x i s t i n g c o n s u m p t i o n of s h a l l o w ground water at thesite. P r o j e c t i n g most p r o b a b l e l a n d u s e , it is not at all l i k e l ythat the rancher /hunt er would i n s t a l l a d r i n k i n g , i r r i g a t i o n ors tock pond we l l d owngrad i en t of the d i s p o s a l area in the s h a l l o wa q u i f e r f o r t h e f o l l o w i n g reasons:

1) The a v a i l a b l e land area between the river and the d i s-po sa l area is very re s tr i c t ed and not s u i t a b l e forcons truc t ion of a home, e s p e c i a l l y with the accessroad t a k i n g up most of the a v a i l a b l e area.
2 ) Given t h e range c a p a c i t y o f t h e r a n c h / h u n t e r ' s l a n d ,all stock water would tae a d e q u a t e l y and most c h e a p l yp r o v i d e d by C l a r k Lake.
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3) The capac i ty o f the s h a l l o w a q u i f e r i s no t s u f f i c i e n tto s u p p o r t i r r i g a t i o n of row c rop s , even if row-crop-p i n g w©rs a d v i s a b l e in the r a n g e l a n d .
T h e r e f o r ® , t h e sources, p a t h w a y s a n d r e c ep t or s f o r S i t e C o n d i -t ion 2 ground water e xpo sure are i d e n t i c a l to those for S i t eC o n d i t i o n 1. P l e a s e see S e c t i o n 10.3.
11.6 Summary of Risks_ln S i t & C o n d i t i o n 2

A summary of p a t h w a y a n a l y s i s and expo sure assessment was cos-p l e t e d f o r S i t e C o n d i t i o n 2 . A s s u m p t i o n s i n c l u d e :
1) unr e s t r i c t ed s i t e access; s i t e abandoned by currentowner;
2 ) f u t u r e l a n d u s e i s p r i m a r i l y a g r i c u l t u r a l , w i t h p o t e n -t i a l f o r h u n t i n g ;
3) no r e s id en t ia l deve lopment a d j a c e n t to the s i t e , andcurrent l o c a t i o n s o f s i n g l e f a m i l y d w e l l i n g s remainthe same for the f u t u r e ;
4) the main pond i s a l l o w e d to f i l l w i th s tormwater andis not main ta ined in any way. R a i n f a l l w i l l causeo v e r t o p p i n g o f main pond f l u i d . Erosion o f d ik e s andborrow areas can occur;
5} no d o w n g r a d i e n t d r i n k i n g water w e l l s e x i s t ; the o n l yground water p a t h w a y to humans remains through theBrazos River, as evaluated in S i t e C o n d i t i o n 1.

R e s u l t s o f each p a t h w a y a n a l y s i s are o u t l i n e d be low.
A i r Pathways _ I A , _ I B a n d _ 1 C : Expo sur e l e v e l s f o r these pa thwayswere i d e n t i c a l to those for S i t e C o n d i t i o n 1 . No s i g n i f i -cant increase in human h e a l t h risk re la t ed to these p a t h -ways is p r e d i c t e d .
S u r f a c e Wa t_e r Pa thw_a vs _I IA. II B_,. _. 11C and IIP: A p a t h w a y whichmight result in an increase in risk to human h e a l t h is IID:f a i l u r e of the Brazos River Bank and subsequent erosion ofthe ent ire d i s p o s a l area into the Brazos River, Risksa s soc iated with this pa thway are d i f f i c u l t t o q u a n t i f ybecause too many rate e s t imat e s would have to be as sumed.
Soil Pathways I I I A a n d I I I C : Increa s ed risks as soc iated withp o t e n t i a l f o o d - c h a i n up take ( P a t h w a y I I I C ) o f c on s t i tu en t s
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f r o m p l a n t s growing on waste areas, or animal c o n s u m p t i o no f those p l a n t s a p p e a r s t o b e n e g l i g i b l e .
Direct contact e xpo sure s for carc inogenic c o m p o u n d s to ar a n c h e r / h u n t e r were f o u n d as f o l l o w s ;

M a i n Pond S l u d g e
E v a p o r a t i o n S y s t e m S l u d g e

U p p e r BoundCancer f i i s k
7.20E-05
1.09E-05

I
I
I

T h e T o t a l H a z a r d I n d i c e s ( f o r non-carc inogenic c o m p o u n d s )for each compar tmen t were s u b s t a n t i a l l y lower than 100%;t h e r e f o r e , these two c o m p a r t m e n t s a t th e S h e r i d a n S i t epresent a n e g l i g i b l e non-carcinogenic risk.
Ground W a t e r P a t h w a y t V B : T h e risk a s s o c ia t ed with t r a n s p o r t o fc o n s t i t u e n t s via s h a l l o w ground water to the Brazos wasf o u n d to be n e g l i g i b l e under worst-case l e a c h i n g / s e e p a g eand no d e g r a d a t i o n in a s s u m p t i o n s us ing WMPLUME. Even themore conservative model ( V H S ) d i d n o t i n d i c a t e a s i g n i f i c -ant increase in PCBs over WQC for human c o n s u m p t i o n ( S e eS e c t i o n 1 0 . 3 ) .
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12 - SUMMARY
T h i s b a s e l i n e risk asses sment covers t h e S h e r i d a n D i s p o s a lService s S i t e located in W a l l e r County , near H e m p s t e a d , T e x a s .The s i t e occupie s a p p r o x i m a t e l y 110 acres and i n c l u d e s a 42 acrei r r i g a t i o n / e v a p o r a t i o n s y s t e m , a 12 acre main pond and a 17 acred i k e area around the main p o n d . The area of the main pond andd ike are based on a water s u r f a c e e l e v a t i o n in the main pond of170.5 f e e t (mean sea l e v e l ) ; these areas w i l l vary with changesin the main pond water l e v e l . The remaining acreage c on s i s t s ofborrow d i t c h e s excavated f o r d ik e cons truc t i on a n d other b u f f e rzones i n s i d e the p e r i m e t e r f e n c e .
The s i te was i n i t i a l l y used to d i s p o s e of wastes by open pitburning. Dikes composed o f a sh , d i r t , s l u d g e s , waste and others o l i d m a t e r i a l s were b u i l t around a natural d e p r e s s i o n f o r m i n gthe main p o n d . The pond was used to store o i l y waste s . O i l swere i n i t i a l l y steam treated at the s i t e and r e c l a i m e d . Anincineration system was later constructed for burning l iqu idwas t e s , S i t e d i s p o s a l a c t i v i t y began i n t h e l a t e 1 9 5 0 ' s . I n1978 p o r t i o n s of the inc inerat ion sys t em were closed due to af i r e . Limi t ed d i s p o s a l a c t i v i t i e s continued unt i l 1 9 8 4 .
Residua l s f r o m site ac t iv i t i e s include o i l s in the pond or stor-ed in tanks on- s i t e , o i l y s l u d g e in the pond b o t t om, a f f e c t e ddike s o i l s and s l u d g e s and some minor quan t i t i e s of s l u d g e s inthe e v a p o r a t i o n sys tem area. S p e c i f i c c ompounds o f concern inthe re s idue i n c l u d e P C B s , organic s o l v e n t s and trace m e t a l s .I n d i c a t o r compounds chosen for the s i t e are:

o Benzeneo 2 , 4 - D i m e t h y l p h e n o lo E t h y l b e n z e n eo N a p h t h a l e n eo P C B so Phenolo T e t r a c h l o r o e t h y l e n eo T o l u e n eo T r i c h l o r e t h y l e n eo Chromiumo Leado N i c k e lo Z i n c
T h e s e c ompounds were chosen based on t o x i c i t y c l a s s , organicchemical c l a s s , preval ence at the s i t e , m o b i l i t y and per s i s-tence «
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The neces sary e l e m e n t s for any human expo sure to c h e m i c a l s inthe environment are;
1. A source;
2. A mechanism of chemical r e l ea s e f r o m the source to theenvironment;
3. A p a t h w a y by which ch emi ca l s can get f r o m the re lease p o i n tto a r e c ep tor area; and
4. A human r e c ep tor pre s en t in the r e c ep t or area at the t imeof chemical arr ival .
For a p a t h w a y to be c o m p l e t e , a l l f o u r e l emen t s o f e xpo sure mustbe p r e s e n t . For a direc t contact e x p o s u r e , the mechanism ofchemical re l ease and the p a t h w a y to the human r e c ep t or do nots tand as s e p a r a t e and i n d e p e n d e n t c o m p o n e n t s , taut are ins teadcombined in the proce s s of direct p h y s i c a l contact wi th s l u d g eor a f f e c t e d s o i l .
The p o t e n t i a l p a t h w a y s o f interes t a t t h e S h e r i d a n S i t e op e ra t ethrough f o u r environmental media: A i r , S u r f a c e W a t e r , S o i l a n dGround W a t e r . T h e s e media each d e f i n e one or more t r a n s p o r tmechanisms by which chemica l s might move f r o m source torecep tor .
S e v e r a l e xpo sure pa thways were examined to d e t e rmine the ex t entof risk that might be pre s ent at the S h e r i d a n D i s p o s a l S i t e .T h e s e p a t h w a y s in c lud e i n h a l a t i o n o f dust and v a p o r s , dermalcontact or i n g e s t i o n of the a f f e c t e d s o i l s , s l u d g e s and water inthe i m p o u n d m e n t s , o r inge s t i on o f organisms ( f i s h , c a t t l e ) thatmight come in contact with a f f e c t e d media ( w a t e r , s o i l ) at thes i te.
The exposure pa thway s were then examined in terms of two s i tec o n d i t i o n s to de termine which p a t h w a y s were c o m p l e t e . The s i tec o n d i t i o n s are; 1) the current s i t e c o n d i t i o n s , which i n c l u d e af e n c e d , r e s t r i c t ed s i t e wi th no remediat ion and e x i s t i n g l a n d u s e( f a r m i n g / r a n c h i n g ) and l o c a t i o n s o f human h a b i t a t i o n ; and 2) af u t u r e s i t e c o n d i t i o n , which assumes c o m p l e t e abandonment and noremedia t i on of the s i t e .
The on ly c o m p l e t e d pa thways under the current use scenario are:1) i n h a l a t i o n of dust and vapor on-site and at the nearest resi-dence, 2) s u r f a c e water r u n o f f t o C l a r k Lake and 3) ground waterseepage to the Brazos River.
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1.
2.

One visi t per week per compartment by an i n d i v i d u a l of 12years of age or o lder .
For dermal exposure to main pond and evaporative systems l u d g e , skin exposure re s tr i c t ed to hands and f o r e a r m s( 0 , 1 7 m 2 ) .

-sa-in

R e s u l t s o f t h e a i r m o d e l i n g f o r v o l a t i l e organic s i n d i c a t e tha tno s i g n i f i c a n t risk e x i s t s to human h e a l t h or the env i ronmen t ,even when as suming a receptor at the dike. The dust m o d e l i n gshowed no s i g n i f i c a n t risk even at the edge of the d i s p o s a larea. A l l c o n s t i t u e n t c onc en tra t i on s were we l l below T A C Bs creening l e v e l s .
The s u r f a c e water exposure pathway inc lude s r u n o f f o f stormwaterto C l a r k Lake. S i n c e no e d i b l e aquatic s p e c i e s are f o u n d in thel a k e , there is no c o m p l e t e d chronic p a t h w a y . L i v e s t o c k , howeverdo use the lake. T h e s e l i v e s t o ck may e v e n t u a l l y be consumed.T h i s p a t h w a y was no t eva luat ed q u a n t i t a t i v e l y ; however, r e s u l t sof water and lake sediment a n a l y s e s do not sugges t that th i sp a t h w a y i s l i k e l y to po s e a s i g n i f i c a n t h e a l t h threat .
T h e ground water e xpo sure p a t h w a y c on s id er s p o t e n t i a l impac tf r o m site ground water that e v e n t u a l l y reaches the Brazos River.T h e r e are no ground water users between the s i t e and the Brazos *~River. Ground water m o d e l i n g u t i l i z e d three combinat ions of *""f o u r d i f f e r e n t m o d e l s . M o d e l 1 used E P A ' s organic l e a c h a t e Omodel ( O L M ) a n d t h e a q u i f e r d i l u t i o n model ( V H S ) . M o d e l 2 usedt h e OLM, th e unsaturated zone ,nodel (UZM) and VHS. Mode l 3 usedth e OLM and the W i l s o n and M i l l e r WMPLUME m o d e l . U s i n g thesef i r s t two e x t r e m e l y conservative m o d e l s , no c o n s t i t u e n t s exceedhuman cancer r e l a t e d risk at lcr s . Only PCBs exceeded humancancer re lated risks at 10~6«
WMPLUME, the more r e a l i s t i c ground water m o d e l , showed that norelevant and a p p r o p r i a t e cri teria are exceeded for any i n d i c a t o rc h e m i c a l s , i n c l u d i n g P C B s .
Two near s u r f a c e t ransmi s s ive zones be low the s i t e have beene x t e n s i v e l y s a m p l e d . O n l y the most s h a l l o w transmi s s ive zonesshows any a f f e c t e d ground water to da t e and that zone e x h i b i t sl ow l e v e l s o f p r e d o m i n a t e l y v o l a t i l e organic compounds .
P o t e n t i a l f u t u r e risks a s soc iated with unre s tr i c t ed s i te accessand most p r o b a b l e f u t u r e l a n d u s e were a l s o e v a l u a t e d . Riskana ly s e s assumed a g r i c u l t u r a l l andu s e with secondary hunt inga c t i v i t y o n t h e s i te. A l l pathways c o m p l e t e d under S i t e C o n d i -t ion 1 are a l s o c o m p l e t e d under S i t e C o n d i t i o n 2 . In a d d i t i o n ,p a t h w a y s a s so c ia t ed with access to the main p o n d , d i k e s , borrowpit areas and the evaporat ion system are a l s o cons idered. Forf u t u r e s i t e c o n d i t i o n s ( S i t e C o n d i t i o n 2 , most p r o b a b l e f u t u r elanduse s c enario), the f o l l o w i n g exposure as sumptions were made:
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3. For P C B s , a dermal a b s o r p t i o n f a c t o r of 5% per 12 hours anda g a s t r o i n t e s t i n a l a b s o r p t i o n f a c t o r o f 30%.
4. For non-PCBs, a dermal absorpt ion rate of 12% per 12 hoursm u l t i p l i e d by a soil matr i x f a c t o r and a g a s t r o i n t e s t i n a lab sorp t i on rate based on class of compound m u l t i p l i e d by asoil matr i x f a c t o r . ( A b s o r p t i o n d a t a f o r a l l i n d i c a t o rcons t i tuent s is in T a b l e 11-4.)
T h e f o l l o w i n g T o t a l H a z a r d I n d e x a n d / o r u p p e r bound T o t a l CancerRisk f or each compar tment were d e t e rmined under S i t e C o n d i t i o n2:

Compar tment
M a i n Pond S l u d g e
Evaporative S y s t e m S l u d g e

T o t a lH a z a r d I n d e x
1 , 2 3 %
0.18%

U p p e r Bound T o t a lCancer JRiB_k _
7.20E-05
1.09E-05

The T o t a l H a z a r d I n d e x for each compartment is much less than100% and i n d i c a t e s that there is n e g l i g i b l e risk to human h e a l t hor the environment f r o m direct exposure to non-carcinogens.Each compartment exceeds a 10"5 t o ta l u p p e r bound Cancer Risk ,due p r i m a r i l y to the presence of PCBs.
Air exposure pathways for v o l a t i l e compounds and dust are thesame as for the current s i t e use scenario and show no s igni-f i c a n t increase in risk to human h e a l t h .
For s u r f a c e water expo sure , a pa thway which might result in anincrease in ri sk to human h e a l t h i s IID: f a i l u r e o f the BrazosRiver Bank and subsequent erosion of the entire d i s p o s a l areainto the Brazos River. Risks a s soc iated with th i s pa thway ared i f f i c u l t to q u a n t i f y because too many rate e s t imat e s would haveto be assumed.
Increased risks associated with p o t e n t i a l f o o d - c h a i n uptake ofc o n s t i t u e n t s f r o m p l a n t s growing on waste areas or animal con-sumpt ion of these p l a n t s a p p e a r s to be n e g l i g i b l e .
Thes e re sul t s wi l l provide input into the F e a s i b i l i t y S t u d y .
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